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(54) Air depolarized electrochemical cells 

(57) An elongate, generally tubular, a-r depolarized 
eiectrochemcal celt (10) comprising a cathode (14) in- 
ducing an air eatnooe assembly (26) extending about 
the iubuiar circumference, and along the tubular length, 
of the ceil (10). an anode (1 2). a separator (16) between 
the anode (12) and the ca:hode (14), electrolyte, a top 
dcsure member (1 77, 200).. and a bottom closure mem- 
ber (114. 202). The cachooe assembly (26) is fixedly 
he;d. by a friction fit. in a slot (116) at the bottom of the 
cell. The stot can be developed, for examole, by inner 
(110) and outer (114) walls of a cathode can (28). by 
inner (226) and outer (224) walls of a bottom closure 
member (202). or by an outer wa8 (114) of a cathooe 
can (28) and an opposing outer wall ol a plug (128) on 
the mtenor of the cell. Preferably, bottom closure struc- 
ture of the cell (10) and receives a bottom edge portion 
(<i4) of the cathode current collector (32). and makes 
electrical contact wrtn me bonom edge ponion (44) pref- 
erably at an inner surface i60) of the cathooe cu-rent 
collector. A diffusion member (36) of the cathode as- 
sembly (26) s preferably compressed as a seal, at the 
Dottom of the cell (10).. between an outer side wall (39) 
of the cell and the remainder of the cathode assembly 



(26) The diffusion mernoer (36) is also useo at least as 
an assist in seairgmc ceii (10) against electrolyse leak- 
age from me arode cavry (137) ana pas: me cathode 
assemoiy (26). An embodiment nay proviae a stoc 
ledge ( 1 C6) in grommei 1 1 9j) facing a stop groove ( 1 02) 
m a cathode can (28). The cathooe assembly 1 26) can 
extend into a slot (1 74) at an outer edge of the grommet 
i 1 9) A toe grorrnet 204 can have an upwardly extend- 
ing leg (2 10 A} overlain by a top closure ncmbc (206). 
The air diffusion member (36) may control tne rate of 
entry of air to the reaction surface, depending on density 
of the air diffusion mernoer (36). whereby the air Diffu- 
sion member (36) controls the limiting current of the cell 
i • 0) The air ceil (i 0) can oe free from adhesive tending 
the separator (16} to the cathode assemoiy (26) The 
bottom oi the cathode cunent collector (32) may be in 
a bonom slot (n 61. n a path of flow of current between 
a reaction surface and a positive elect roc e terminal (30). 
A method of f&bncatrtg cells can include rnmprg a too 
washer i206) and an outer teg (210C) of atop grommet 
f 1 . S) at the same time, inducing closing a stot (211 V 
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Description 

[0001] *nts apoi'cation dams priority from srcv-siona' ace; catso* sena -o €0/077.037. f .ec C3«C5/$5 anc se r a 
ro 30/C91 33* Wee 07/01/98. bom of wh cn are rcoroc.'aied nerein cy 'ee*e.-ce n the r entireties 

BACKGROUND 



[0002] "us -nventton relates :o air ceooiarzed eiectroerenicai cells ~-*s rver or. s reaieo soecr^y :c -etai- 
5i- a- r 3C30ianicdeicctfOcncTiicalceils. Qsacc:ally ctongatscyircncaiccils E.crgats cz .s arc ocsc-occ re-en vwtr 
.'ssoec; to cei s ravrg me size generally *nown as 'AA.* 

[0003] Button ceiis. aiso illustrated herein are commercially orccucec r smaiie- sizes ?avirg esser ^eigrt-to-canr- 
eter rat os. and are general y directed towars use m nearng aids ana computer aooi'caiiors Sccr. cutter, reus generally 
feature overall contained cell volume of less than 2 cm 3 , and for the hearing a.d cesis !ess t.ian " cm 3 
[0004] The advantages ol air deoolarued cells have been knewn as far oack as ihe :9ih centLry. Generally an a*r 

is deooiar;7ed call craws oxygen from air of the amoient environment for use as the cathode active material * 3ecause 
the cathode active material need not be carried m the cell, the soace in the cei! that would have otherwise been -eeuirec 
for carrying catnoce active material can. ir general, be utilized for containing anode active meter ai 
[0005] Accordingly, the amount of anode active material which car be contained in ana.r deooiarzec :ei* s generally 
significantly greater nan the amount of anode act ve matena; which can be contained m a 2-eiectrcce ce;i oi me same 

20 overall size 8y '2*ctectrodc" cell wc mean an electrochemical cc:i wncrc-n the entire charge of com anccc ac: vc 
matenat and cathode active material are contained inside the cell structure when the ceil :s received by the corsumer 
[0006] Generally, for a given cell size, ana similar mass an air deooianzeo cell can provide a significantly greater 
rumoer of watt-hours of electromotive force thar can a simttarly sized, anc similar mass. 2-eiectrode ceil using me 
same, or a simitar, material as the anode eiectroactive material 

2S [0007] Several attempts nave been made to develop and market commercial applications of metal-air ceiis However, 
until about the 1970's. such cells weie pi one to leakage, and other types of failuie 

[0008] tn the 1 970s. metal-air button cells were successfully introduced for use ir. hearing aids, as replacement for 
2-eiectroce cells. T-ie cells so introduced were generally reliable, and the incidence ef leakage had generally been 
controlled to an extent sufficient to make such ee ls commercially acceptable 

JO [0009] By the mc 1980's. zinc-air cells became the standard 'or nearmg aid use. Since that time significant effort 
has been made toward improving netal-a;r hearing aid cells. Such effort has been directed toward a number oi issues 
For example, efforts have been directed toward increasing electrochemical capacity ot :nc cell, toward consistency o' 
performance from cell to cell, toward control of electrolyte leakage, toward providing higher voltages desired for newer 
hearing aio appliance technology, toward higher limiting current, ano toward controlling movement of moisture into anc 

J5 out of the ceil, and the like 

[0010] An important factor in button cell performance is the aoilrty to consistently control movement ot the central 
portion of me cathode assembly away from me bottom wall of the cathode can dur;ng finai ceil assamely Sucn move- 
ment of the central portion ot the cathode assembly is commonly known as "demng * 

[001 1| Another important factor in button cell performance is the electrical contact between me cathode current col- 
40 lector and the cathode can or other cathode terminal. Conventional cathode cu-rent collectors comprise woven wire 
screen structure wheren ends of such wires provide the electrical contact between the cathode current collector ano 
the mner surface of the cathode can. 

[0012] While metal-air button cells have found wide-soread use in hearing appliances, anc some use as back-uo 
battenes m comDuters. air depolarized cells nave., hrstortoaity. not had wide-spread commercial application for omer 

45 end uses, or in other than small button eel sizes. 

[001 3] The air depolarized button celts readily available as rtens of commerce for use in heanng aid appliances are 
generally limited to sizes oi no more than 0 6 cm 3 overall volume. In view of the supenor ratio of 'watt-hour capacity/ 
mass* of air depolarized eels., it would be desirable to provide air depolarized electrochemical cells m aoditional sizes 
and configurations, and tor olher applications. II would especially oe oesiraole to provide air depolarised elecirocnem- 

so cal cells which are relatively much larger man button eels For exampie.. a would be desirable to provide such ceils m 
*AA a size as well as in the standard button cell sizes. 



SUMMARY OF THE INVENTION 

is [0014] The present invention tn its various aspects is as claimed m the independent Cairns. Optional features are 
recited tn the ceoerdant claims. 

[001 S] The present inventton provides an air depolarized electrochemical cell wherein a stop (edge m a too grommei 
faces a stop groove in a cathode can. preventing ne grommei from being pushed too far inwardly «nto the cell. 
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[0016] Emccdmerts zt the invention tn its varous ascects provide' 

a ee l wrerem the strode assemoly can errenc t*:o a siot at »i cuter ec!;e the tco gromme: 
a tco gromrrei saving an upwardly exier.dir.c, eg cvenam oy a izz c:osu-e '-errce- 
5 a : jouisr air depolanzea ceil wherein tne air otf js cr. memoer cort.'c;s -a:e of entry c' a;: :c t-e 'eact:cr surface 

'or sxamoie as a function of censity of tne air cifusicn memoer whe'eoy tre air of?js:or ~er*cer co-i*'c:s ins 
: r-;t:rg current of the ce>l; 

an a r aeooianzeo eel wmcn is f-ee 'rorr aonesive oondmg o- re separator :o tr.e car.oae assemo.y. 
an a r dcooianzec cci: wncrcin tne oottom of r.c catnoco current :ci cctor 'S ir a cotton set. :r. 3 aatr c' ' ow o* 
o current cetween a reaction surface of tna catnoce asserroiy anc a oositive aiectroce te'nrai a"»o 

a method of faoncating cells, ncludmg cnmoing a :oo wasner and an otter leg of a tee gromrret 3; :re same rrre. 
i-iciucing closing a slot oe fined between legs of (he gran net 

[0017] In a first (amity of embodiments ihe invention ccmorehends d lubuiar a»r oepoiarued eiecirccnemca! cell 

is having a length. a iop and a oottom The cell comonses 3 catnode. incusing a catnode can ana a tuouiar air cathoce 
assemoty extending aiong the length of the celi: an ancde. including eiectroactive anode material in an anode cnamoer 
ciscosed inwardly, of the cathode assembly. ;n the cell; a separator oetween the anoae natenai and the cathode 
asse-nory: electrotyte dispersed m the anooe. cathode, and separator; oottom closure structure c:osmg tne ocnom o 4 
the cell: and too closure structure closing the too of the cell. The too closure structure can comprise a too grommet 

23 having an outwardly extending step having a downwardly directed surface disposed aoout a perimeter ol the too grom- 
met. and an inwardly extending iedge on the catnode can navmg an upwarcly directed surface disposed about a 
perimeter of tne cathoce can The downwardly directed surface of the outwardty extending step aouts the upwardly 
direct eo surface of the inwardly directed ledge. The abutment of the step and the leoge cooperatively prevent movement 
of tne top grommet. from me described location downwardly toward the ocnom closure structure. 

25 [0018] Some embodiments include a seal extending into a slot between the grommet ana a top closure memoer ot 
the cell The air cathode assembly. *ot example a cathode cur fent coilectoi or an diffusion member, or both, can exteno 
into the slot, the seal being disposed between the grommet and the cathode assembly. The air ciflusion memoer can 
extend into the slot from en outer surface of me cathode assembly extending aoout an upper edge of the cathode 
current collector, and downwa/dly toward an inner surface of the cathode assembly such as toward the cathoce current 

50 collector. 

[0019) In some embodiments, the air cathode assembly extends into the slot along a longitudinally-extending length 
of the slot, tne seal extending, in tne skat along substantially tne entirety of the lengtn of the slot occupied oy the 
cathode current collector. 

[0020] I n some embodiments, the sea) extends uowardly into the slot from an outer surface ot tne cathoce assembly. 
55 about an upper edge of the cathode current collector, and downwardly along an inner surface of the cathode current 
collector, and thereby lines substantially the entirety of mat ponton of the siot whicn resides between tne grommet ane 
the too closure memoer and when s occupied by the catnode current collector 

[0021 ] In piefened embodiments, the grommet is confined to a top portion of the air deoolanzeo electrochemical cell 
[0022] in some embodiments, a top portion of the cell has an outer perimeter thereabout be ow the top of tne cell. 
*o the too closure memoer is crimped at a first locus against the grommet at tne slot and is further enmpeo aga nst the 
grommet at a second locus displaced longitudinally from the first locus, aoout the outer perimeter between the slot arc 
the top of the air oepolarized electrochemical cell, thus to provide two longitudnally-spaced crimps about the top of 
the cell. 

[0023] in some embedments, tne catnode assembly turner compnses an a;r diffusion memoer disposed outwardly 
« m the cathode ass*ndly and extending upwardly into the siot, as the seal, oetween the grommet and the too cosure 
member of the cell. 

[0024] In preferred embodiments, the seal comonses at least two layers of an air permeable micoporous sheet 
natenai wrapped continuously and without intervening end. to form an outer surface ot tne catnoce asscmoly. the 
seai comprising the at least two layers m the slot 
so [0025] in some embodiments, at least a portion of the air cathode assembly a openly exposed as an outer surface 
to the ambient environment and optionally the air depolarized cell comonses a bottom closure member separate and 
distinct, and spaced from, a top closure member the cell being substantially devoid ot enclosing (e.g. cathode) can 
structure along a substantial portion of the length of the celt. 

[0026] A second family ot embodiments comprehends a tubular air deoolarized cell, having a length, a top. and a 
55 bottom The cell comprises a cathode, including an air catnode assembly extending along me length ot the cell; an 
anode, ncludmg eiectroactive anode material disposed mwardy m tne cell t the cathode assemciy. a separator 
between the anode material and the cathode assembly: eiectr tyte dispersed m tne anode, catnode. ana separator, 
bottom closure structure dosing me bottom of the cell; and top closure structure closing the top of the cell. . he top 
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cicsure str j::ure terrorises a top grommet navr.g an 'jpwardry extendr.g inner )eg a-!d a dowrwarciy ere-a:~c c-ter 
ieg. ae-.mrg a sioi dbou an outer penme.er o= tne tea yr— mel arc a .oc ctosu-'e .—emce* ex.ercr.g arwrA-braiy 
over :ne o jter leg of the top gromrret and (ermir.arng n a too ao~icr cf t.^e a-r ceoowr /eo cei* rear carrace asser- :% 
extending uowaraly into the slot 

s [0027] TyprcaHy tne top closure merroer tn tnese e*r3ca:ment3 has a inmo rg 2 as urging tcgetner tne rrer ana 
outer legs of the top grommet. anc thereoy aooiyirg a cnmcmg oias against :re catncce assemc;y r tr.» s.ot 
[0028] n a trvrd family of emoodimerts. tne rventton comarerenas a tuauiar ai f ceoo»ar;zea eieetrccnemtcai ce i. 
ravjp.g a length a top and a bottorr Tne ceil comonses a catrooe tne uomg a catnoce assenoiy extenamg sicng tne 
■ergtr. at trc cell :nc catnodo assemoiy comprising a :ataiyt:caiiy ac: vc material screen a carcoc current collector 
ana an outwarc y-cisposec air diffusion memear ar anoce inc.uarg aiectroactwe anoce mater a a:secsea -*ara y 
n :he cell, ot tne canode assemby, a separator eetween tne ancoe material an: tne ^tnode asser.cy. siecrcyte 
dispersed m tne anooe. cathode, and secarator: Bottom closure structure cicsng tne carom o? tne reis. arc toe : asure 
structure c:osmg re top cf tne ceil The too closure struct jre conartses a top gromnes having an uawaroty extenong 
leg. tne air calhooe assembly exleroing upwardy aoiacent an outer s jr ace of the ieg of me ioo grommet. anc a tec 

? s closure member overlying tne leg of the top grommet. extending over a toe ot tne cathode assembly, a to exiencmg 
downwardly in surface-to-surface contact with tne air diffusion member 

[0029] In some embodiments, tne top grommet further comprises an outer flange extenaing cutwarciy from a too ot 
the upwardly extending leg. tne outer flange extending over a top ecge of the catncce current collector ara over a too 
of the diffusion member. 

20 [0030] in some cmoooimcnts. the top closure mcmocr ovcrl:cs the outer flange ot the grommet and extends trence 
downwardty into contact witn the diffusion member 

[0031 ] In some emoooiments. the outer flange of tne top grommet s oisposeo between the top closure member ana 
a too ecge of tne catnooe current collector. 

[0032] Inn some embedments, the air diffusion memoer is folded over a top edge of the cathode current collector. 

25 and extends downwardly between the cathode current collector and the upward y extending ieg of the top grommet 
[0033] The invention further comprehends a method of fabricating a tubular air depolarized electrochemical cell 
having a top. a ccttom. a posrtrveiy-cnarged cathode including an air cathode assemoiy. a negatively -charged arods 
including an anode cav;ty containing elect 'oactive anode material a separator between the eiectroacttve anode ma- 
terial and the cathode assembly, electrolyte dispersed in the anode material, cathode assembly, anc seoarator and a 

JO bottom c:osure member electrically connected to the cathode assembly. The method comprises assembling a tubular 
cathode assembly to a bottom closure member and placing a separator nwardfy of tne catnode assembly and thereby 
creating a separator/cathode assembly combmaton and dcttnmg tne anode cavity inwardly of the separator; :oadtng 
electroactive anode mater al into tne anode cavity, and assembling a top grommet to a top portion of the separator/ 
cathode assembly combination such tnat an outer surface of an upwardly-extending inner leg of the top grommet s 

35 juxtaoosed against an inner surface of an upper portion of the separator/cat node assembly combination ana an outer 
flange or leg of the top grommet extends cutwarciy from a top edge of the separator/catnooe assembly comb matt an 
and outwardly from bom me inner leg and the top edge of the separator/cathode assembly combination sucn mat tne 
outer ieg <s spaced from an outer surface of the cathode assembly The method luithei comprehends assembling a 
top closure member over the top grommet the top closure member having an cuter leg extending over the outer leg 

*o of the grommet: and enmping the too Closure member inwardly toward tne outer surface ot the cathode assembly- ano 
correspondingly crrmpng the outer leg of the top grommet into secunng surface-to-surface contact with the outer sur- 
face of the cathode assembly. 

[0034] In some embodiments, priorto enmping, the outer leg ol the top grommet is spaced from the cathode assembly 
by an angle P ol about 2 degrees to aooui 90 degrees, preferably an angle & of aoout 2 degrees to about 30 deqrees. 
45 [0035] in some embodiments, ax least a porticr of the air cathode assembly in the fully fabricated celt is ooenty 
exposed as an outs* surface to the ambient environment. 

[0036] In soma embodiment* in the fully labneated cetL the bottom closure member is separate and distinct anc 
spacad from, the top closure member, the cell being suastantiaity devoid of enclosing can structure along a substantia) 
portion of the length of Ihe call. 

50 [0037] The invention still further comprehends embodiments wherein a tubular sir deposed electrochemical cell, 
has a length, a top. and a botiom. The cell comprises a cathode including a cathode assembly extending along the 
length of the cell, the cathode assembly comprising a cataryttcally active material between a cathode current collector 
and an outwardly-atsoosed air diffusion membor an anode, including electroactive anode material, a separator between 
the snooe material and the cathode assembly; electrolyte dispersed in the anode, cathode, and separator bottom 

»s closure structure closing the bottom of me cell; and top closure structure closing the top of said cell. Cathodic oxygen 
passes through the air diffusion member in orcer to reacn a reaction surface ot the cataiytically active material. The 
air diffusion rate capacity 1 the air diffusion member pr v-aos air to the reactt n surface at a rate :ess than requireo 
to support a maximum reaction rate of reactants supplied by other reaction matenals at the cathode reaction surface. 
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wrereoy ire air 3iffus cr member controls a i mung current of re cell 

[0038) in creierrea embodiments the d r dilLsion rrencer extenas oiong a sucsianiia oo'tion ol :re igrg;n ci .re 
ceil, openiy exposed as an outer surface erf the cer to me ancient envronmer:. :ne octtOTi ensure r-erxe* preferao'v 
oerg secarate and distinct and spaced from ire :oc c:os-:e merr.ee r 

s [0039] Afurtherlarriiyof embodiments cono 'en eras a tucuar a raeooiarrzea eiectrocremcai ceil "-av'-galsrgtn 
a too. anc £ bottom. The eeli comprises an air catnece inciua:rg a :ubuar air cat-oce assemc y extero:r.; aior.g :re 
*ergtr ol :ne cell, ar anode, ncludmg eiectroactive anode materia, r an arcoe cavity, a seoaratcr between aroce 
catena 1 ard air cathoce assenoiy: eiectroiyte discersed r. \^.e arode caxcoe anc 3eo2ra:cr tre 3eoa-ator ce~g - 
surfacc-rc-surface contact with tne tuoJar a:-- catnooc asscmoiy, :r.e ar accoisnzec ceil oc;ng fee trc-r 3on2s,vs 

rj DO-:3ing ne separa:or to :ne catrode assamc:y 

[0040] m seme errcociments, tne cell induces oottom closure structure closing :-e ooncm ol tre cei! ">e cottcnr 
clcsue struct j re cefines a slot, receiving a oorrom portion o f tne catrode assemc:y. fixedly roiemg tne carooe as- 
sembly m tre slot. 

[0041] In orelerreo embodiments. Jie separaior "as a bottom edge oisocsed adjacent ar.o acove ne slot 
rs [0042] Yet further the invention comprehends an air aeooian/ec electrochemical cell, raving a too anc a octtom 
and a transverse cross-section disoosed along a length of the ceil. The cell comprises a caihode ncijdmg an air 
catrode assemoiy extending aiong the length of the ceil, ar anode, including an anode cavity and eiectreactive arooe 
r atenai in tie anode cavity; a separator between the anode material ana the cat node assembly electrolyte dispersec 
m the anode, cathode, and seoarator. bottom closure structure comprising a octtom wall of the cell and closing the 
20 bottom of the cell top closure structure ctosmg the too of the cell. A slot extends downwardly adjacent an outer sice 
wall of the bottom closure member, the cathode assemby extending sownwarciy <nto tne slot ana making electrical 
connection with the bottom closure member in ihe s:oi the bottom closure memc-er be ng m a oath cf flow ot electric 
current between a reaction surface of the cathode assembly, and a positive electrode terminal of the cel. 
[0043] Some embodiments include an electncally insulating bottom seal memoer extending generally across that 
25 portion of the transverse cross- sect ion when spans the anode cavity, the oottom seal member sepa*anng tne eiec- 
t'OeCtrve anode material from the bottom wall, and piovidmg a seal about the s:de wall of the anode cavity at the 
separator, the separator extending downwardly below a too ol the insulating bottom seat member, and terminating 
above a oottom edge of the cathode current collector 

[0O44] in preferred embodiments, at least a portion of the air cathode assembly s openly exposed as an outer surface 
so to the ambient environment, optionally with tne bottom closure structure seoarate and distinct, and spaced from the 
top closure member, the electrochemical celt being substantially devoid of enclosing can structure asong a suostartia^ 
portion of the length of the cell. 

BRIEF DESCRIPTION OF THE DRAWINGS 

3S 

[0045] FIGURE 1 shows a pictorial view of an elongate cylindrical metal-air ceil ot tne invention. 
[0046] FIGURE 2 shows a cross-section of the cell, taken at 2-2 of FIGURE 1 

[0047] FIGURE 3A is an enlarged lepiesentative cross-section oi the sice wall and bottom wall structures at the 

bottom of the eelt. including the air cathode, and is taken at dashed circle 3A m r lGURE 2. 
-to [0046] FIGURE 3B is an enlarged representative cross-section of the side wall and grommet and other seal structures 

at and adjacent the too ot the eelL also showng the air cathode, and is taken at dashed circle 38 in FIGURE 2. 

[0049] FIGURE 4 shows a representative calhoce current collector used in air cathode assemblies of the invention. 

[0050] FIGURES 4A. 43. 4C illustrate respectively a continuous-weld outt jotnt. a spot weic outt joint, and a joint 

formec by we to in q tnterdigitated wires or ringers 
4£ [0051 ] FIGURE 5 shows a representative perforated matal sheet useful tor making :h« catnode current collector ol 

FIGURE 4. 

[0052] FIGURE 5A shows a representative perforated metal cathode current collector for use in a burton cell, anc* 
having a generally imperforate contact zone. 

[0053) FIGURE 5B shows a representative edge view ol the caihode current collector of FIGURE 5A 
so [0054] FIGURE 5C shows a metal stnp illustrating an army of patterns of circu:ar etched precursors ot cathode 
current collectors, from wnich current collectors of FIGURE 5Acan be made. 

[0055] FIGURE 5D shows a representative cross-section of ar air depolarized button cell empioying a cathode cur- 
rent collector of FIGURES 5A and SB. 

[0OS6] FIGURE 5 shows an enlarged portion of a comer of the metal sheet ol FIGURE 5. illustrating hexagonal 
>s perforations. 

[0057] FIGURE 7 is an enlarged representative cross-section of the air cathode illustrated in FIGURE 3A. 

[X58] FIGURE 8 is a representative pctorai view f an elongate cylindrical cathode current collector having circular 

perforations. 
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[00S9] = : GURE 9 is a representative peroral view of an eongate cymo-ica ca:r.cce current :c::ec:or -aw; sc-.a-e 
pe'f era uons. 

[0060] -IGURE *C is a representative oictor^i v:ew of ?. cyii~crcai catrode curer: ;ci!ec:o* cf :ne ^var::cr 
active carcon cataiyst secured to t.ne currert collector 
5 [0061 ] FIGURE n is a -eorssentanve erevaticn view cf aaoaraxs ?c: ?crrM-g a sr.eet of :re a::.ve ca-ccr cataiys; 
(0062) r ;GURES 12 ana 12A are reoresartative o c:or:al views wm oans cj: away, o* an act:vs career sreet arc 
a stack cf sjen sheets being : crrred mtc a cross-ccraea comocsre of sucr sheets 

[0063] r : GURE ' 3 is a representative octor a' v ewe? tne assemcieo air ca:.noce ;rd jcr; csroce c ,rr er cc - ectcr 
active carcon ca:a yst anc elusion nemcer. 
^ [0064] r iGURE * -i is a representative pic;ona : view of a stack of pressure ro::s usee 'c* assert ,r g :-e active career 
catalyst ana the effusion member, to the camoae current collector 

[006S] FIGURE ■ *s a representative oircgcna view i.ustrating alternative aocara'.us arc t etneos 'cr asser-.oi:rc 
:re active carbon catalyst and the diffusion menoer. to :ne cathcae curent collector 
[0066] FIGURE 1 5 s a graph JIuslraLmg the e'fecl of rolling pressure on Cdlhcce vol^ge 
'5 [0067] FIGURE to s an enlarged longituomai cross-section. wi;h aans cut away of an air canoce useful '~ assem- 
bling an elongate cell of the invention. 

[0066] FIGURE 17 is an en largec transverse cross-section, with carts cut away, cf an air cathode jsefuim assemo:tn; 
an elongate cell of the invention 

[0069] FIGURE 1 3 is a cross-section ot a :op portion of a ceil of the mven*icn illustrating a s;oo groove in the cat roc e 
*° can 

[0070] FIGURE i 9 is a representative cross -section of a drawn or drawn and ironed c re-form used to make cathode 
cans tor use in ceils of the invent icn. 

[0071] FIGURE 20 is a representative cross-section of a second stage cre-Jorm. made from tne ore-fo-m of FIGURE 
19 

25 [0072] FIGURE 20A illustrates lha process of converting the pre-Iorm cf FIGUPE 1 9 to the cross-section configuration 
shown in -I3URE 20 

[0073] FIGURES 21-24 and 28 are representative cross-sectons of bottom portions of cathode cans made jsing 
pre-forms of FIGURES 1 9 and 20. 

[0074] FIGURE 25 is a -epresentative cross-section ol a secono embodiment of a seconc stage pre -form made 
20 from the pre-term o- FIGURE 19. 

[0075] FIGURES 26-27 are representative cross -sections of bottom portions ol cathode cars made using pre-forms 
of FIGURE 25. 

[0076] FIGURE 23 is a representative cross-section showing a woe sea: bead being formed at the octtom flange ot 
tne cathode can. 

35 [0077] FIGURE 29 is a photograoh showing a cross-section of the bottom port on of a oarttaily assembled cell, con- 
figured as the ooflom portcn ol the cell in FIGURE 26, and made using m s;tu -netting as me netnoo ot placing tre 
oortom seal 

[0078] FIGURE 30 is a representative cross-section of a cell of the invention similar to the ceil of FIGURE 2. ana 

illustrating an alternate too sea) structure. 
to [0079] FIGURE 31 A is a representation of a photograph showing a cross-section of a portion of a cell which has 

undergone significant discharge wherein the zinc was loaded mto the arcce cavity in generally dry condition, anc 

illustrating progression of the reaction front from the cathode current collector toward the anode current collector. 

[0060] FIGURE 318 is a representation of a photograph showing a cross-section of a portion of a cell which has 

undergone significant dscharge, wnerein the zinc was loaded mto the anode m a wet or geilec concmon, and illustrating 
4* progression of the) reaction front from the cathode current collector toward the anode current collector 

[0081 ] FIGURE 32 is a cross-section of a cell of the invention as m FIGURE 2. and employing a hollow tuouiar anooe 

current collector as a mass •control chamber 

[0082] FIGURE 33 « a cross-section of a can-less embodiment of a ceil of the invention. 
[0083] FIGURE 34 is a fragmentary cross-section showing lop and bottom portions of the cell of FIGURE 33 furi.ner 
so enlarged 

[0084] FIGURES 34A-340 illustrate cross- sections of additional embodiments of top closure structure of the ceil. 
[0085] FIGURES 35 and 36 show representative elevation views of apparatus useful for closing and crimping the 
top and bottom members of can-loss embodiments of cells of the mvent on 

[0086] FIGURE 37 shows a cross-section of a can-less emoodiment of cells of the invention, utilizing a hoilow anoce 
55 current collector 

[0087] FIGURE 38 shows a cross-section ol a can-less emoodiment of cells ol the invention, utilizing a hon w anoce 
current collector, having central openings r ooth the top and tne Bottom ol ;ne cell. 

[0088] FIGURE 33 illustrates a cross-section as in FIGURE 38. and utilizing a modified bottom structure of the cell. 
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[0089] -iGL-PE 39Ais a -ragmentary cross-section snowing too anc 5c:tcm tor crsot tr : e:eiiof : 3 JP= 33. 
en argeo. 

[0090] Tne .nvert on s no: limited .n us aopncation tc :ne ce:a.is c? corstrjcrcn or tre *rrangemen: cf :-e csr-co^s-ts 
set 'orth in tne fof towing description cr I us; rated n the 3:a*irg$. The rver.i:on -3 cacao e c* other err soccer ts cr o* 
5 ce rg prac:ceO or carnec out in various ways Ai$e. :t <s to oe u-cersicoc t~at t~e termr.eiogy a."to cr.rasecitgy em- 
rieyeo rerem is for ourpcse of description and rlcst'at.on arc s~ou.c no: ze *ega*oea as ;.T.i:rg w *e *e!erence ru- 
'-erais are used tc ndicare i=ke components. 

DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 

[0091] An elongate cylindrical metal-air cell 1C is snown m otctonal v-ew n " G'J^E ' A cngtudnai ccss-section 
of :ne cell of FIGURE ' is shown in FIGURE 2 An enlarged portior of :ne cross-section or tne ee l of FIGURE 2. at 
tre oottom oi me cell, is snown :n FIGURE 3A. An enarged oortion of tre c;ss-sec::on of tre ee l at =IGURE 2. a: tne 
lop of the ceil, is shown m FIGURE 38. 
is [0092] Tna struc:ure ol eel* 1 0 represents the result of applicant draw.-g on a como:nation 0 f lecnpoiogievmc! using 
f-'om. among otner places (0 2-electrode cylindrical bobbin cell technology (e g. zinc -manganese dioxide *o*nd ceils) 
and (ii) zinc-air hearing aid cell technology (zinc -air button cells), and making novel comb:na:ons using sucn nforma- 
t on p aodition to elements novel m and of themselves, in arriving at cell 1 0 as :i;ustrated. as well as other embodiments 
of the invention. 

20 [0093] As with zinc -air button cells the active air catnodc assembly n an elongate ecn of the invention is quXc trvn. 
allowing for a targe fraction of the cell volume to ootent tally be occupied by zinc anode material, thus providing for 
disposition or anode material m dose proximity with the air eatnode assemoty adjacent ne outer cyncncai sees of 
the elongate ceil, as well as allowing for increased weight of anode material n the elongate cell. Greater anode weight 
potentially enables tne ceil to deliver about two to three times the Discharge watt-hours of a standard 2 -elect rode 

£5 alkaline zinc -manganese dioxide cell of the same size ana configuration 

[0094] The dominant electiochemical reactions associated with opeia:ion of z nc-air cells, m geneial ate genetaily 
considerec to be as follows 



(anode half reaction) 2Zn ♦ 40IT » 2Zn0 + 2H,0 + 4e* 
(cathode half reaction) 0- + 2H a 0 + 4e" * 40B" 



J5 (overall reaction) 2Zn ♦ Q 2 = 2ZnO 



Similar reaction mec nan isms can be derived for elsctioactive ieactions of othei air deoolarized cens 
[0095] Hcwever. whereas tn air depolarized button cells the air cathode is a generally planar element of the cell along 
to the bottom wall of the cell air cathodes in elongate air depolarized ceils of the invention are disposed along the elongate. 
generalV arcuate, sioe walls of the ceOs. whereby typical such air cathodes are correspondingly arcuate m shape 
While typical elongate cells of the invention are cylincrical. and thus nave circular cross -sections, m the alternative, 
elongate cells of the invention need not be cylindr cal. Rather such celts can have a variety of cross-sectional snaoes : 
including any closed-penmeter cross-sect ton. The cross-section can thus oe ovoid, sauare. rectangular or any other 
polygonal cross-sec&on. arcuate cross-section : or combination of straight -line anc arcuate cross -section. It is preferred, 
however, mat tne cross-section define a perimeter devoid of acute interior angles, sucn mat me thickness of eiectroac- 
tive anode materia! between the caihode assembly and me arode current collector is relatively uniform aoout tne 
perimeter of mo cell. 

[0096] Slill referring to FIGURES I. 2. 3A, and 38. cell 10 has an anode 12. a caihode U a seoarator 1 6. and a 
so grommet 16 In geneml. anode 12 includes anode mnr 20. anode current collector 22. and an optional anode cap 2* 
Cathode 1 4 includes a cylindrical air cathode assembly 26. a caihode can 26. and an optional cathece cap 30. Cylin- 
drical air cathode assembly 26 includes a cathode current collector 32. an active carbon catalyst 34. anc an air diffusion 
member 36. Cathode can 28 has a bottom wall 37 and a side wall 39. A multtpictty of air ports 38 extend through, and 
are generally evenly distributed aoout. acta wall 39. for entry of air. and th uscatnocic oxygen, into the cell at the caihode 
[0097] Separator 16 serves as a barrier to How of electricity oetween anode 12 and cathode 14 : while accommodating 
flow of electrolyte between the anode and the eatnode. 

[0098] Grommet 1 3 assists n blocking flow of electrolyte and eiectroactrve anode material past me top edge of air 
cathode assembly 26. and out the top of me cell further grommet 1 a electrically insulates anode mix 20 from cathode 
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currer: cc:ectcr 32. Still further, gronmet '9 separates arc electrcaly estates, aroce currer: coi ec:cr 22 "cr- :re 
cairoce esceciaiiy Ceinoce can 23 

[0099] Seo^fftor iS^nd gromrret 13 :njs. m cornoiraton crevent intern* snorting c? t~e ceJ -i*.-e-/ p-evertc rec: 
flow o : eiect*:crty between the anode and cathode !n:e'nai y ;sncrt:rg) "it 19 ce<i without :r?e aaonca::on of s^cr eiectr c::y 
» to a arc- t outside tie ceil 

[0100] 9otn the ancoe 3rd the cathode are moregnatsc win sjracie ai*a r.e eiecfoyte casea 0^.. 'or examc e 
5Qjscjs ootassitm hydroxice hqu-d 

T.-E CAT- CO E 

[0101] Catnooe 1 4 incudes cylindrical air canooe assembly 26. catrcce car. 25. a^d cctiorai cat.-ooe cao 30 Cy- 
nno-icai air catnooe assemoiy 25 mciudes cathode current collector 32 active career cata.yst 34 arc air nf jsion 
remoer 36 Cathode can 28 'nciuces bottom wall 37 sioe wail 39 and air oorts 38 (FiGUPE 3A) trvojch see wai 
39 for emry ol a»r. and ihus calhodic oxygen, into ihe eel 

T:-E AIR CATHODE ASSEMBLY 

[0102] Air cathode assemb.y 26 is structured with active caroor catalyst 34 generaly mtercoseo oerweer cur-en: 
collector 32 and air diffusion memoer 36 In the cylindrical environment, n the sreferreo embodiments, me catroce 
current collector and the active ca'bor catalyst n comcnatior.. generally lorn ;nc nsicc suracc cf the caihoac as- 
sembly, and the a:r diffusion memoer generally forms the outside surface of the cathode assembly The invention does 
contemplate embodiments wnerem active carton cataiyst *u;iy encloses the inside surtace of the catnooe current col- 
lector opposite the reaction surface area such tnat the =nsioe surface cf the catnooe assembly s defined generally 
overall by an inner surface of the active carbon cataiyst. 

TWE CATHODE CURRENT COLLECTOR 

[0103] As illustrated m FIGURE 4, cathode current collector 32 has a cylindrica configuration anc collects and trans- 
ports eiectric current at and through, to and from the cathode. The cathode current collector generaly orovces that 
JO ' structural material which contributes most to defining the overall length, ard the inner diameter of the air catnooe. in 
the embodiment illustrated in FIGURE 4. the current collector further provides substantially all the structural hooc 
strength present in :hc air cathode. 

[0104] A preferred embodiment of cathode current collector 32 for use m an elongate cylindrical cell is illustratec .r 
FIGURE 4 and is generally made from a square or otherwise rectangular, perforated meta< sheet 40 illustrated m 
35 FIGURE 5. Metal sheet 40 has top and bottom ecge portions 42. 44, resoectn/eiy, and ngnt and left edge portions 46 
48 respectively. As illustrated tn FIGURES 4 anc 5. too anc bottom edge cor ions 42, 44. ana ngnt ana left eage 
portions 46. 48. are preferably not perforated like the remainder of sheet 40 

[01 05] While top and bottom edge portions 42. 44, and fight and left edge portions 46 48 can nave some perforations 
m some embedments, the high-level of perforations extant over the remaining maiority of sheet 40 s net prei erred >n 

40 especially ngnt and left edge portions 46. 48. 

[0106] For a a AA* size elongate cell, top and bottom edge portions 42. 44 typically have woths "W1" cf aoout C.1 
inch. See FIGURE 6. As discussed hereinafter, bottom edge portion 44 provides a smooth surface for facilitating elec- 
trical contact between current collector 32 and the cathode can. Top edge portion 42 provides a smooth surface for 
assisting m creating a seal agartsi leakage ol iquid electrolyte past me cathode assembly and grommet -3 

45 [0107] Current collector 32 can be fabricated from a metal sheet as illustrated in FIGURE 5 nto a cylindrical config- 
uration such as that shown in FIGURE 4 by. for example, welding, such as laser but: welding (FIGURES 4A : 4B). 
respective left and right distal edges 50. 52 ot edge portions 46. 48 to each other to create a joint 54 along tne length 
of me cylindrical^ configured shoot 40, thereby 10 fixedly secure the cylindrical configuration. 
[0108] While joint 54 cam be lormed by e.g. welding overtaoped elements 0/ the structure c! edge portions 46 48 

50 tne resulting double thickness of sheet material 40 at tha resulting pint 54 is not preferred Accordingly, pint 54 :s 
preferably faoncated without layer-on-layer overlapping of the structures of edge portions 46. 48 one on the otner. 
Rath sr. distal edges 50. 52 are preferably butted against each other m fabneation of the butt weided embodiments 
shown in e.g. FIGURES 4A, 48. 

(0109) The illustrated e.g. bun welding thus creates longitudinal joint 54. which can be a series of soot welos (FIGURE 
& 4B). or can be a continuous weld (FIGURE 4A). Any other operable method ol joining edges S0 : 52 which thereby 
effectively converts metal sheet 40 into the cylindrical or otherwise closed configuration seen in FIGURE 4. is accept- 
able. The recited exemplary and preferred laser butt weidmg of metal sheet 40 can be done by Laser Services, inc.. 
Westfora Massachusetts. USA. 
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[0110] P-gn: ana ie*i ecge Demons 46. 43 rypicaliy rave wct.s *W2* cf so out C 03 m.cr :c orovtae aes;*ac e cuar:.: es 
ol ma.e'al from wnicn cuil weld 54 car oe formed 

[0111] Mewi sneei 40 includes psr*ora:rcrs 55 (FIGURES 5 5 7; exte-amgr-roi-gri re :n :<~ess "T' ' ; r 'G- : RE 7' 
of metal sheet 40. from outer surface 53 to inner su-ace 50 A :ycica- 3wcr --stai sr.ee:. s-.taD'e for facr::ai rg cyj -c ca 
current collector 32 for a "AA" size elongate ceil, ror.tams aco^i 4CC0 z! si-cr cerforg: ons 55 as niustratec :y ~ac:e 
t ~re number of perforat ons depencs on the szes arc configurations cf :re eeriest ons a^e t^e wcths *WG' o 4 
wees 52 between :he resoecttve oerfo*ations Perforators 55 are ceferaoiy reg*:a: rexagc-s. -easunr.; aeout C2 
•rcr Derweer. opposing stra.gm sides rrereof !r :ne emecoimen:s ::w3fa*ec * - : 3ur.E3 4 5 anc 5. :r.e w cms 'W3' 
of weos 62 are prcfsr3ory aiso acoul 0 02 inch Accordingly. Tc emoocime.-ts : -st.etco -r, =-GoR=S 4. 5. aro 6 
perforations 56 reoresert aoout 65% of ma overall surface area of n-e:a: s-^ee! 40 - garera.. 'or a ce* -.-tercea ? cr 
-se to celive' a nigh rate of electrical ciscrarge. perorations £6 srouo usually :ecresen: aoou: 45% to acoct 7Q°* 0 ot 
me overall surface area of mat sorter 0' metal sneet 4C wr.icn s oerf orated. 

[0112] While parforatons 56 have teen illustrated as regular nexagons a vanery of othe- shaces are acceotae e 
There can be mentioned, for example circles, sctares. and eg. equilateral trangies Circular oer'orancns 55 are 
illustrated m current collector 32 shown ir FIGURE 5 Square perforations 56 ve illustrated r cu-ren* coiector 32 
shown in = !GURE 9. However because of advantageous resulting streng:h ol the so-fabricated cat.-ode cre-it col- 
lector, and effective securenent of me active catnoce catalyst :o current collectors having -lexagcnal cei deration, reg- 
ular hexagonal perforations 56. as illustrated in FIGURES 5 and 5. are orefe'red After hexagons, me ctner spaces 
which create corners are oreterred oecause the corners improve securement cf the active cathode catalyst to ire 
current ochector. as compared to. for example, circles, ellipses, and inc snapes wncn arc acvoid of come- structure 
where two side edges of the corresponding coenirg come together 

[0113] Table 1 illustrates typical parameters of various perforators sucn as those srown m -IGURES 5 and 6 for a 
cathode current collector sized for a *AA* size elongate cell The column late led 'Ooen %" refers to that portion of the 
metal sheet which is perforated, irrespective of edge portions 42 44. 46. 4fi 

TABLE 1 



Perforation 


Spacing 3ctwccn 


Pcrfs 


Open 


Pert 


Dimensions, men 


Perts 


=»er 


Area 


Circ 


Open 


Type 


w 


h 


ho*iz 


ven 


CeH 


In* 


Incn* 


% 


Hex 


020 


023 


025 


021 


4236 


1 63 


296 ; 


65% 


Circle 


021 


.021 


025 


.021 


4275 


1 46 


292 i 


59% 


Square 


.020 


020 


025 


025 


3600 


1 44 


236 


57% 


Triangle 


.023 


.020 


025 


017 


5294 


1.22 


366 


49% 



' = Running drcunf«f«nc«, in tncftftS. narn*ly h* turn of tnt etrcumf*r«ncu of all Ih* p«rforaiefls. 
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[01 14] In general, the reaction sites where the cathode half reaction takes place are believed to be located toward 
the outer surface 53 of active carbon catalyst 34. Since electrolyte flows mrough perforations 56 to reach me raacttcn 
sites the fraction of the projected cross-section of current collector 32 whtcn is represented by the perforations 56 has 
an influence on the reaction rate. The greater the fraction of me surface area of current collector 32 presented by 
me perforations, the greater the potential capacity of the cathode assembly for movement of etectrotyte through the 
perforations; ana thus the greater *he potential reaction rate. 

[0115] Where a lesser fraction of the surface area of the current collector is represented by the perforations, the 
potential leaction rate is cor » esponcSngfy less Thus assuming mat other parameters are not otherwise contioiimg. the 
projected area of the perforations can positively, or negatively, affect me reaction rate. Where the oerforat ons represeni 
a significant limiting factor in the reaction rate, me open fraction of the current collector surface area thus represents 
the ability to design the current collector as me controi mechanism for determining the overail limiting reaction rate of 
the cell, and thus the limiting current of the cell. Accordingly, where it is oesired to increase or decrease, the limiting 
current of the cell the number anchor sizes of perforations 56 can be specified accordingly. 
[01 1 6] Where the sizes of perforations 56 arc desirably reduced, but limiting current is to be maintained or increased, 
me number of perforations is accordingly mcreasee. Thus, the numoer and sizes 0/ perforations 56 depends in general 
on me performance parameters desired for cell 10. in combination with the pnysical strength required of me current 
collector. The inventors thus contemplate a wide range of sizes tor perforations 56. and a wide range of numbers ol 
perforations, for a given cell size when can be used tor catnode current collectors 32 of me invention. Accordingly, in 
a size "AA* a ngate cell, the number of perforations 56 can oe as low as about 200 wnere a nig.-i rate of electromotive 
toica production is not necessary 
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[0117] l: catnoce cur-en: roOec: r 32 has less than aooui 20C oeroraions. a~3 nar.iams :re eer*o*a; : cr$ .-av:rg 
:re suggested range of (factions ol ihe overall sur'ace area oi ihe cur*en; zz ec.or :-e chyscal s;;ergih oi i-;e c-.-eni 
collector and/or sec^remen: of the active career cataiys: to the c -r*e-it co t actor nay oa ccmprcr-iseo 
[0118] in general, ircreasmg the rumoer of oericratisrs aces ~c: aooesr rc rave any -egative a'ec: cr ;e^ cer- 
s 'ormance -iowever as the numoer cf oero'aticns is :ncreasec ever a given — eiai sreet sjr'ace area me sizes cr : fc e 
oerfcrations necessarily decrease further as the target size o: :ne oe-Joratior ;s 'erucea *-e acnty to 'aencate 
oerfcrations to orec sely uniform and controllable sires, configurations aro scacmc decreases an:ess asdi! ona 1 'ao- 
-icaticr. controls are employee 

[0119] wr.aiever :hc ta'gst numoc of perforations and tnc target s;zc cf :rc 3 erf or aliens. ;t :s crctcrco t-at ai 
■ 3 perforations sn a given current collector Qe generally the same s ze ano :~a: i^e certcrat ens oe gena'a^y un-'or— iy 
distncuteo over the perforated reg on 55 of me current collector Tne oetorateo regon 55 js mat somen eojrcec cy 
ire imperforate top, conon left, ana right portions as appropriate, 'imperforate" coraer regions mc:uae any ocrcer 
region or portion of a borde- region which :s aerforated to ar extent signi*:can;ly less nan :ne extent of Decoration o* 
the central region, wnereas 'Iruty moerfordte' refers lo e g. aorcer regions ;vncr are \ jily wancui cerfo-anons ;t s 
is witnm the scope of the invention that any cne current collector nave any one. any comomation or an. or pe^oratec 
borders imperforate borders, and truly imperforate o orders. 

[0120] In oarticuiar. the smaller the target size fcr the perforations, the greater the d:fficuliy. and cost of repeated y 
making tne perforations to specific size configuration, spacing, and/or location. Thus, as tr.e target sire of the pero- 
rations is reduced, one either saenfices precision and repeatability of size, configuration, spacing, anc/or location of 

20 the ocrtoratons cr tolerates increased cost. However where suiiabic manufacturing conircis arc m p:acc for tao'cating 
perforations 56, and the cost can be tolerated, the number of such oerto rat ions ;n a car ode current collector szed lor 
a "AA" sue elongate cell can oe any numoer up to and ircitdmg 10.000 perforations, or more. However for a A A' 
size cell, the number of perforations is preferreo to be about 500 to acout 6000 perforations, witn a normal average 
number of perforations oetng aoout 4000 perforations 

25 [012 1] Accordingly, the actual numoer of perforations used m a particular implementation of the trvention results 
from balancing the oenef't tl any. n the pamcuiai use foi which The cells aie planned, oi a iargei number of smaller 
perforations against the cost oi making such larger numoer of smaller perforations. 

[0122] The acceotaole range of the number and sizes of perforations, of course, depends on the size of the overall 
surface area ot metal sheet 40 being perforated. Thus, where a larger cell ;s being fabricated, and a respectively larger 
so overait surface area of metal sheet is berg perforated as the current collector, the upper end of the range of the 
acceotable number of perforations is increased accordingly Where a smaller csli is being fabricated, and a respective^ 
smaiicr overall area is being perforated as the current co lector, the lower end ot the 'angc of the acceptable numoer 
of oarforations is reduced accordingly. 

[0123] in the preferred ernoodiment. perforations 56 as tn FIGURES 5 and 6 are preieraciy fabricated by placing a 
35 suitable photo mask on metal sheet 40. The unmasked areas of the sheet are then acid etched to tnereby faoncate 
the oarforations. 

[0124] in an alternate construction, current collector 32 can be maoe of wover wires rather man a perforated meiai 
sheet Preferred saeen size co* responds to greater size wire and opetungs than 200 standard mesh s ze Mesh sizes 
of about 16 to about 1C0 tend to work well Mesh sizes 24, 37 and40worx particularly wet Similar sizes for perforations 
56 and webs 62 are contemplated in the embodiments made with etched metal sneet. 

[0125] In some embodiments, metal sheet 40 is perforatea nght up to and including right ana left distal edges 50. 
52. while edge portions 42. 44 are retained imperforate, whereby edge portions 46. 45 are obviated. Further, woven 
wire emood:ments may not include imperforate edge portions 46 : 48. in such embodiments, bun welding of distal edges 
50 52 to create jo-nt 54 is somewhat more difficult because of the votd soaces between webs 62 at cistal edges SO. 

*s 52. or oetween adjacent wires in woven wire embodiments, m place of butt welding, cooperating webs 62. o- corre- 
sponoing wires 62, can be fiterdtgnatad. and edges ot such tntardigrtated weos or wires can oe wetdec together as a 
third example of methods of forming joint 54. Given the greater precisio-i required for |omder of edges 50. 52. where 
perforations 56 extend to edges 50. 52. fabrication considerations suggest that such embodiments are not preferred 
[0126] In still oi*r embodiments, metal sheet is perforated r ghi up to lep and bottom distal edges 57. 59. while 

so edge portions 4a. 46 are or are not retained imperforate, whereby edge aortions 42. 44 are ooviated in such embod- 
iments, use of the upper edge area of caihode current collector 32 m rowing a seal aganst electrolyte leakage may 
be somewhat degraded such that there may be a need to emotoy other provisions for eakage control. Similarly, use 
of the lower edge area of the cathode current collector as a contact surface for making electrical contact with the 
cathode can may oe somewhat less robust than imperfcrate embodiments, such that other provisions for electrical 

ss contact may oe employed However, such spaced contacts between the cathode current collector and ne cathode can 
or other catnode terminal « routrety used wrtn satisfactory result in air Depolarized button cells. Nonetheless, con- 
siderations t aerformance p tental suggest that perforations up to top and bottom distal edges 57. 59 are not prefer red 
[0127] Metal sheet 40 can be made from any material whicn provides suitable conductivity for collecting and trans- 
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r-iitng re eiec:nca :.^em flowing througn 'he cathode wniie toerati-ng :ne alkaiire erectrotyre ervrc-mer ~ya:ca 
'-•alena. tor meUal sneel ^ for embxirnenis I'lus.rdied in F GU 5 .£5 1 2 3A. 33 4 5 5 <sro7 a; d s«e '4A* ecrg-ie 
ceil, .s rsc<et sneet COS tr.cn mc< Tha range of tr.ic*n esses af :re cam ace current cai.ec:or!cr a s '9 A A :e«. s 4 *err 
aoout CC3 inc." to about C10 inch Thinner materials autsice the recitsc range may "as z * : :o 'acncaie. ara ^ay 
5 .acK sufficient structural strength Thicker materials may oe too rgc tc *aar cats '"-to a^ruiar sraoe acc t;o- sucr 
Ticker materials co use greater amounts af raw materials ana ao occupy a greater >ac::ar cf :*e nrr.it ec soace avaiiac e 
:ns;oe :ne cell. 

[01 28) Tnefuilcomoiementaf Sizeswithtn the 'ecitea range car aeutihzea r. :ne r.vertcr. :ar exame.e a-c without 
•innaron. ZQ± inch C06 men CO 7 inch, or C03 inert Thinner materia; :s arcrcrrao wncrc cr cr.a»:s :s a=acce or no- 
*z jmizing :ng ;nc<ness ct "san-raacttva materials, r.us :a craves craate' -n:emai volume .nsica re ce" *cr aacxng r = 
greater atantiry ct eiectroactve anade materal or thus tc contra! we gr: a*. :rs cell Thicker material is orefer'ec v.nere 
emphasis is a^aced on pnysical strength anchor rigidity of the air catftoce assenc:y. 

[0129] Hoop strength o* annular current collector 32 as in FIGURE 4 is -elated to t-e -tatrematcai saua*e ct the 
ihicciess of sneel melal 40. *hus. Jie strength of a current sci.ec.or 007 nch ihicK has approximately iwc ires ire 
'5 nooo strength (7X7 = 49) of a corrasponamg current cat ector wmcr s 005 men truck {5X5 = 25i O/erau ne -ana 
of the strength of the .007 inch thick current collector to the strength of the 005 inch thick cj-rent co ector is thus 49/25 
= 1.96/1 

[01 30] In other embodiments, metal sheet 40 is reoiaced witn e g. cross-conced woven w:re of a sae similar to meta 
sheet 40 n such structure, the wires general y take -he place of weos 62. "he aiameter af such woven wire $ generally 

20 aoout .003 men to about .C10 inch thick and r eludes tnc full complement of sizes wUhn the reeled r3rgc. as rccitca 
herein for the sheet metal thickness. Current xiiectorscan be fabricated f-orn such wire oy butt welding, as -i r !GURE 
4. adjoining surfaces of respective cooperating wires in tre weave, in pi ace of bun welding, cooperating wires can ce 
mte.'dignatea as discussed herem above, and cooperating edges of sucn nteroig:tated wires we idea together, as snown 
m FiGURE 4C. The bottom edge of FIGURE 4C illustrates perforations 56 extending to the distal edge £9 of the conom 

2$ . of the current collector FIGURE 4G further illustrates the wires (e g 62) intercigiated at the ower portion ol the FIG- 
URE, and the mteidigitated wires welded to each othei to foim joint £4 at the uoper poition of the FIGURE 
[0131] Still another embodiment of the cathode current collector is represented by an article woven or otherwise 
fabricated as a seamless annulus, e.g. cylinder. Where a seamOss annuius is woven top and bottom edge pontons 
42 44. ano right and (eft ecge regions 46. 43. are obviated, although imperforate edge portion elements representative 

30 of imperforate edge portions 42. 44 can be secured to the woven article as by welding at or aojacent upper ana ower 
distal edges of the seamless annuiar current collector 

[0132] Regarding other materials wftch can oe used n place of the nickel sncct. there can oc mentioned mc<c: 
o!3ted steel nickel plated stainless steel such as 305 stainless steel, nickel plated iron, anc ;ike materials, either alone 
or as composite compositions or platings, such other like materials aemg, for example, noble metals sucr as gcid. 
3S sitver. platinum., palladium, indium, modium, and the like, which can tolerate the alkaline environment inside the cai: 
witnout excessive local e.g. gas generatrg reactions. Where a plating is used, the substrate is preferably aiated after 
perforations 56 are faoneated 

[01 33] FIGURES 5A 5B. 5C. and 5D lepresent a further implementation of the concept of providing a cathode cunent 
collector 32A in an air decolaruec cell 510. wherein the cathode current collector nas an imperforate oorder region 

40 61 A ; the outer edge 67 A of imperforate border region 61 A oeing an elongate eiecirical contact surface providing elec- 
trical contact, directly or indirectly, with cathode can S28 or other cathode conductor or terminal In the embodiments 
represented by FIGURES 5A. 58. 5C and 50, current collector 32A rep'esents a flat sheet configuration such as the 
flat disciike configuration used for cathode current collectors m commercially available air cepdanzed button cells. 
[01 34] As seen m FIGURE 5A, current collector 32A has a gene-aily perforated central region 55A. ano an imperforate 

as border region 61 A extending entirely about and thus generally encomoassmg or surrounding the centra region While 
any of the above illustrated or suggested configurations can be employed for me perforations., perforations 56 A further 
illustrate perforators havng square configurations. 

[0135] Optional slots 65A extend inwardly from outer eoge 67A of border region S1 A ; generally toward the central 
region and may extend the Ml distance lo the central region. Slots 55A provide structure effective lo enhance pre- 
so dictaoiiity repeatability, and thus overall control of doming of the cathode assembly, the doming being illustrated at 
529 in FIGURE 50. m an air depolarized burton cell. Namely, the number ano the shapes, such as depths and widths, 
of slots 65 are related to the degree of doming of the air cathode assemoly. 

[0136] A wide range of srnapes are contemplated fcr slots 65A, including without limitation the illustrated rectangles, 
as well as squares, circies. semi-circles, trangles. slits, dan-shaoec ooenings irregular ooenings. and the like While 
ss the ii ustrated rectangular slot openings extend generally perpendicular to outer edges 67A. other angles and opening 
snaoes can be used so ;cng as the respective openings extend genera.iy t ward central region 55A Accordingly, in 
general and with allowance lor variations accordrg to the shapes of slots 65A, the greater the traction of me surface 
area which is defined by width 'WS' and which is also occupied by siots 65A. the greater is the control over doming. 
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[0137] Tne invention contemplates a variety of wicnns *W5* of ocCer regor 6: a Where a sea- cr g:c~~e- 5 = s 
•-sec between an anoae can 531 anc cathode can 523 in a cui'.on ceM. as iitLSira.ed genera; y m r : G'_RE 5C s-c" 
seai or gronT.et overlies an cuter oenpnarai ec^or of ;ne ar ^rocs *ssemo y. tre-eoy eiocumg cff fa: ere- oe- 
npnsral poricn of the air cathode assemo:y f -cm access to aroce rater at at tre seoaratcr Sucr ciocKrg cff cf tre 
* cuter oerioneral portion cf tre air catneae asserrcly significantly rec-ces jssf-.rsss cf :-.at c;j:e- oe*;crsrai coticr 
•n me catnode rial* reaction, such mat the remain rg inner ocrton c' t~e a:r C3trcce assenroty. na^.aiy tra: cert on 
nwa*aty cf anc not bcc<eo off by. tre seai or grommet -s sometifr.es 'eterred to as ;ne react :or surface area cr s 
nomenclature. 

[0138] Returning again to F;GJRE 5A. the width "W5' of cccsr regton 6* A can gc^craty corrcscora w :n : fc c ont;rc 
?3 cu:er pencrerai oon.cr z' tng air catrcce assemo y. wncn wii *ata tra saai or grcr-Te-. w :not: "acatr/67 afsct:.-g 
or ctier^se control ing trie jseltl s^e of the reaction surface area of :re air catnece asse"no:v Ana :r.e w;oe: tns 
oorder region ire more effective is tne ooraer *egicr ir assisting n com rolling cenmg 01 tre ratneae assenrcy 
<n assisting in controlling eakage of electrolyse arouno tne outer ecge of tre catr.oce assemefy as weii as crowding 
improved electrical contact with the cathode can as compared to a current cci ec:or wnereir ihe coroe* *egor arc 
rs central region are srnilarly perforated 

[01 39] While current collector 32A is prelerabiy configured as a single sneet navirg suitable oerioraticrs siois etc 
a variety of other structures and configurations are contemplated. a*ong witn corresponding metroos r 'as -eating 
such other structures and configurations. For example, tne current collector can oe made f'om an mceto-ate cane 
affxed. as by welding, to a woven wire central region 
20 [0140] m current collector 32A. e.g. sheet matcnal structure used in centra! region 55A wire struct-rc usca m centra* 
region 55A, or sneet or wire used in border -eg ion Si A can nave tntexnesses of about 003 inch to accct 01 0 inch, 
with thicknesses of about .304 to about DCS inch oemg preferred. Most preferred natenai th'cxnesses are aocut 005 
men to aoout .007 men. including about .006 men 

[0141] The range of materials whicn can oe usee to fabricate currant collector 32A includes tne same comoosmons. 
25 and the same structures, as are recited above tor current ccueror 32 Any known method for maxing perforations »n 

metal sheet can be used to make perforations 56A. inducing the use of woven wire to fabricate the perforated ce.-itiai 

region, or me above noted combination ol photomask and ace etc.nmg of metal sheet. Thus 'perforatec.' Nn-oerforate. 

a and iike expressions induce witnout limitation both eertorateo metal sheet material woven wire articles, and artices 

made of woven web material. Web material is an elongate wire-like or strap -like structure having width greater than 
jo top-to-bottom thickness. 

[0142] Perforations S6A : 3nd the corresponding webs, can have any of the shapes and configurations describee 

aoovc lor perforations 56 sucn as square, circular hexagonal, ana tne like. 

[0143] FIGURE 5C illustrates generally a process for fabricating current collectors 32A. As suggested in -IGURE 
5C cooperating registration holes 533 are fabricated along opposing edges 535 537 of a suitaoie metai str:p 539 

35 raving thekness and composition consistent witn the above recited thicknesses and compositions Suitable pnoto 
mask and acid etching are then employed in cooperation with registration not9S 533 thereoy to fabricate muittp:e 
spaced circular arrays 541 of perforations 56A representing respective central portions 55 A ol orecursors of current 
collectors 32A The 1 esq active a 1 rays 541 are suosequentty punched fiom metal str.-p 539 along with a corresponding 
border region aoou; each array, tc thus fabricate a corresponding number of cathode current collectors 32 A As an 

4 0 array is punched out of strip S3B. the correspondingly punched border region becomes region 61 A m the respective 
current collector 32A. 

[0144] An advantage of the border region 61 A. as compared to a current collector made entirely ol woven wire or 
the ike, is that me entire outer edge 67A of the border region is available for making electrical contact with the cathooe 
can wnereas only ends ot the respective wires are so available in a current collector made entirely from wire, tor making 
45 electrical contact with the cathode can. In addition the border regon participates >n the formation of an eflectwe seai 
against leakage of electrolyte out past the grommet and thence out of tne cell. 

THE ACTIVE CATOON CATALYST 

so [01 45] Active carbon catalyst 34 is generally supported on curent collector 32 The Active carbon catalyst provtaes 
reaction sites where oxygen from the air reacts wrth water from the electrolyte, e.g. according to the above cathode 
haif reaction, to generate the hydroxy! ions which are later used in the anode 10 release electrons e.g. according to 
the anode half reaction. Carbon particles in the act.ve carbon catalyst thus provide solid reaction sites lor the air/liquid 
interface where aqueous liquid and gaseous oxygen come together and effect the electroactrve cathoce half reaction. 

ss [0146] The carbon catalyst cooperates wttn the current collector in collecting and/or conducting current within the 
cathode in support of tne catnoce naif reaction. 

[0147] in order to Imrt internal resistance m the catnode. during the process of (Oinrg carbon catalyst to tne current 
collector, the carbon cataiyst is brought into intimate contact with current collector 32. including ano especially at per- 
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'orations 56 Peferrrg :o P-GURES 3A. 7 and '0 carbon catalyst 34 oreferaciy ex:encs inrocgn ce.~o:a::cn$ 55 arc 
exteras cuiwarcly ol tne D.'ojecucns of oerforalons 55 al ana adjacen. *n-er 5-rface 60 of c jrreni cc:!ec:cr 32 *-*-s 
:re carooi cata.yst * generally trttr-atery mterocxec w :p. eurert ccifedcr 32 :hrc-gr oerforat ors £5 aocut :re 
oenmeter edges of :he 'esoective oerforat ons. ai ootr outer ard nrer surfaces 53. 6C cf :r» currer: coiiecicr 
[0148] Referring to FIGURE *0. upon comp;eticr ct assemoiy at :ne cacc. ca-asys: c me rarcce cu.vert cciectcr 
caroon catalyst 34 p-eferacry covers me entrrery of tr.ai soraon o- cyt'nor cai cuter surface 53 c*. me current coi:e:tor 
wnicn ties between too edge oomon 42 and oorton edge oorfior 44 

[0149) Cacon catayst 34 s a combination of caroon oamctes. a bmcer. ana oxcesseo cctassiur- oerran gar-ate 
2jc ng orocsssmg cf tno poassium cermanganato n creating caroon ca:aiysi 34. :r.c car con 'ccuccs :rc manganese 
:o vaiarce s:a:e *2 [neremaMer -rrarganese T-te corroiranon of va<er.ce state *2 r^arga^ese. w:tn sj.iacy 
activated caroon, ac:s successfully as catalys: for -eduction of oxygen ir a:r cathodes As a -esui: o' r. si:u .'eac:;ers 
cataiyrcaiiy active manganese (Hi terms r. tne matrix of tre active caroon cataiyst. 

[01 SO] Caroon catayst 34 can oe fabncatec. and mourned on current coiiecror 32 as foi-ows The caroon -sec tr 
fabricating ca la ly si 34 »s represented by caroon pa-iicles having surface area greater than 50 scuare me.ers oer g.-arr 
(m 2 /g). preferaoly greater ran 150 m2/g. more preferably greater than 250 -r^/g. still rrore oreferacy cetween aocut 
250 rr 2 /g and 1 500 m 2 /g. ye: more preferably between aoout 700 rr^.'g and 1 400 m 2 ''g further ncre preferably between 
about 900 m 2 /g anc 1 300 m 2 /g. and most oreferafcly Cetween about i 30C m2/g and n SO m2/g 
[0151] in a preferred embodiment carbon of the present invention has tne following characteristics, surface area 
between -0CO rr^/g and 1150 m 2 /g aoparent density of aoout 0.47 c/cc to acoul C 55 g/cc oreferaoty aoout 0.51 g/ 
cc. *cal density of aoout 1.7 g/cc to about 2.5 g/cc preferably about 2.1 g/cc. oorc voijmc cf about 3 3C to aoout • C 
g/cc. preferably about 0 90 g/cc: specie heat at 100 degrees C of abojt 0.20 to about 0.3C. preferaoly aoout C 25. 
and aoout 65% to 75% of such matenai will pass mrougn a wet -325 US Standaro mesn screen wnerein me nominal 
opening size is 301 7 :nch (.045 mm). Such preferred carbon is available as PWA activated carbon from Activated 
Caraon Division of Caigon Corporation. Pirtsourgn. PA. 

[01 52] Generally, a range of carbon panel e sues is acceptable for processing of :ne material required m fabricating 
the active carbor cataryst Paittcie size can oe measured using a laser light scatteimg technique such as or example, 
that provided by using a Mooe* 7991 MlCROTRAK came e-size araiyzer manufactured oy Leecs & Norrvuo 
[0153] Typical particle sizes ot panicles of the preferred PWA carbon are given numerical in Table 2. 



TABLE 2 



35 



40 



45 



SO 



Panicle Size of PWA Activated Carbon Panicles 


Diameter Microns 


Volumetric Percent 


125-176 


-0- 


86*125 


n.9 


62-86 


7 t 


44-62 


9 7 


31-44 


17 1 


22-31 


12.4 


16-22 


7 4 


11-16 


7 3 


7.3-11 


10.0 


5.5-78 


5.1 


39-55 


5.6 


2.8-3.9 


4.1 


0 0-2 8 


20 



[0154] As illustrated in "ABLE 2. PWA activated carbon particles have sizes ranging primarily between about 3 
microns and about 1 25 microns wrtn about 71% by volume oemg small enougn to pass tnrougn tne .045 mm opening 
of a -325 mesh screen, about 65% by volume of tne panicle sizes being between 1 6 microns and 1 25 microns, aoout 
40% by volume being between 22 microns and about 62 microns, and a small fraction of about 6% by volume being 
less man 4 microns 

[0155] in the embodiments contemptated tor use n this invention, a degree ot physical mechanical integrity is required 
of sneets of the active carbon material to enaole the procass ot pining arc securing the active carbon to the cathoce 
cunent coliectoi To that end polymeric halogenated hydroca»bon bmdei. or cthei suitable bmdet. is distnbut d sub- 
stantially evenly throughout the mixture of carbon particles and manganese maety. Wnile choosing t not be bound 
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oy neory. aco teams ceueve that, in some embodiments, upon como.enor cf tre s:eos certcrmea tn 'aorcai.rc t-e 
Cdfcon ccmposilion mto finsned sneei :'orn. the raiogenaiea nyarccsrbcn 3 -ae: :crrs a 3*: me-!Sicnai «ez c' r e-- 
ccwng fibers or fibrils of the omder matena! mus imcarttrg cesired pnysica s.-eet snregrrry :c :na active ^»roon za:a ys; 
com c os it tor/mat u r e . 

* [01S6] A oreferred binder is polytetrafluoroethyiene (F"E; The cct:rxrr amount o\ = " r E 5 aoout 5% by weigrv 
of :nc finished actrve carton catalyst orcduct. Other or.oers unowr :o z r.z careen oatcics of :-*c states size a^cc. 
^ fabricating electrodes, are acceptable 

[0157] More or less binder zzn be used, oerween about 3% cy we:gnt sre scout 13% cy we:grt Where ess :-ian 
aoout 3%c;noens usee, tne omcing eftect may oe unaccectaoiy 'ow wne'e grea'e* thar '0% c:-cer :s -ses. rstect.-x 

?3 or 3iec:r:cai trsuiat:ng srsoerties of tne omder :an result !ess cesiraoie aiec:r:cai cer*c'~aice of "e aecfoaa 
[01 56] The 'onowmg steos can oe usee to ma<e ire active caroon cata.ysi. ■ DC0 r\ Miters ot r:stiiiec wate f '3 p acec 
:n a non-rsactive container. 1 9 grams ot KMnO a (potassium permanganate) are acoea :o tre certain sr "T^e mixture 
of KMn0 4 and water is mixed for ten mmjtes. 204 grams cf PWA activatec caroon navmg aocrcpr'ate oaocie s^es 
set forth acove are added slowly to the centrai mix vortex wmle mixing is cortin-jed. Afie - len rr nu.es o! Vire: nvxtrg. 

rs 51 grams of PTFE (TEFLON T-30 available from CuPont Company. Wilmington Delaware; is aaoed sicwiy. uniformly, 
and wr.hout interruption to the mix vortex, and mixing is continuec for ye- another :er minutes at the sceec -ecu rec 
to maintain a vortex m the mix after the PTFE is added, so as to make a generally homogeneous mixture of tne mcuio 
and solid components and to fibnilate the PTFE. 

[01 59] The resulting powder mixture is tnen separated from the water by e g Miration through Whatman *1 or eaurv- 
20 alcnt tntcr paper, and heated m an oven at aoout 1C0 ccg:ccs C. to aoout 14C degrees C for 16 hours or unm cry. to 
obtain a dry cake of the carbon, manganese moiety, anc 3 TPS. 

[01 60] 3 grams of Biack Pearls 2000 caroon black, and ootionaily 5 grams of ore-oensitiec catnode mix from previous 
manufacturing runs, are placed in a Model W10-8 umeford Lodige Hign intensity Mixer along w;tn me aoove-ootamea 
dry cake ot carbon, manganese moiety, and PTFE. The mixture is mated at 2600 rpm at ambient temperature for 3C 
25 minutes, or until any and all agglomerates ir the mixture are broken cown. anc the mixture becomes free flowing, 
thereby tc make a fiee-flowmg powder mixture 64 * 

[01 61] The resulting free flowing powder mixture 64 is rolled irto web form in a manner generally illustrated in FIGURE 
1 1 . Refernngto FIGURE 11 . carbor powcer mixture 64 is olaced tn a hopper 66 and fee downwardly through the nopoer 
to a discnarge opening such as slot 6& which feeds the powcer mixture to a first nip formed by a pair of polished stee< 

so roils 70 at suitable speed to position a sufficient amount cf the carbon oowder mixrure above tne no formed between 
the rolls, with which to torm a generally continuous web of such powder mixture. Roils 70 are driven m ccooerating 
directions illustrated by arrows 72 : at constant common speeds, thus tc draw the cowdcr into mc nip between the roils. 
The spacing between rolls 70 is set at a fixed distance sufficient to draw the caroon powder mixture ;nto tne n:p and. 
by the oressure exerted on the caroon powder mixture as the mocture passes through tne no. to faar cate the caroon 

35 powder mixture into a wee 74 having a thickness ot about 0.304 10 about 0 010 men. sreferaoiy acout 0C4 :ncn to 
about 006 inch ana a with machine direction (MO) and a cross machine direction (CC). T^e constant speed 01 roils 
7C produces a web 74 having a relatively uniform thickness along the length of the web 

[01 62] While the web fabricated at rolls 70 can thus be consolidated ftom powder torm 10 a smg : e web body, tne weo 
so fabricated is qurte fragile. 

^ [0163] After the web is consolidated as illustrated in FIGURE n . the web may be wouno up as a roil (not shown i or 
otherwise consolidated or packaged for storage ancfor sh pment. In some embodiments, web 74 is cut cross -wise 
faiong the CD direction) to thereby produce individual, e.g. generally rectangular sneets 30. illustrated m FIGURE 12. 
in such embodiments. 2 to about 6 euch individual sheets 80 are stacked on top of eacn other with the machine direction 
(MO) in sequential sheets in the stack berg oriented transverse, preferably oerpencicuiar. to eacn other. -IGURE 1 2A 

«s snows such a stack 62 of 4 sheets 80A, SOB. 80C, 800. Arrows 84 tnocate the MO tn each sheet, illustrating the sheets 
being oriented paipendicutar to each other. A stack of 4 such sheets, each naving a thickness of about 0.005 mcr . has 
a combined thekneee of nominally about .020 inch. 

[01 64] With sheets 80 so stacked and arranged, the 4-sneet stack <s passed through a second nio illustrated by roils 
66. r\o Is 86 are shown spaced apart for illustration purposes « FIGURE * 2A. The spacing al the nip between rolls 36 
so is set and hald At a uniform nip gap significantly smaler than the sum of the thicknesses of the sheets m the stack 
[0165] The size of the spacing between rods 86 at the gap should be less than 75% d the comb ned thicknesses of 
the sheets making up the stack. Preferred size of the spacing 13 from about 20% up to about 60% of the combined free 
thicknesses of the sheets making up the stack, with a more preferred range of about 25% to about 40% of the combined 
thicknesses. 

ss [01 66] During processing t the stack 82 of sheets, r lis 86 preferably rotate at a generally constant speed in coop- 
erating directions illustrated by arrows 87. and thereby draw tne stack ntothe nip ; thus working the comoosite 4-sneet 
stack. As stack 82 passes througn the mp. the sheets are. m comomati n : mecnancany worked by r lis 86. with me 
result that me worked composite sheet stack 82W is significantly stronger than tne unworked sneets. whether taken 



16 



EP 0*40 869 A2 



aizreor ncomo-nav.cn The composite sheet stack is cre-e-aoiy so wcrxec tr sji:ac : e n os rereraciy Vcr. 2 :o accu' 
6 ines. or mere. jHI .ne wcfKea compos, te sneal stack is suiably iougnered cr o.-e^se s;rerg : .»enec ^a: the 
resulting wcr«ed composite Sheet stac* £2W can oe naralec oy corrrrerc^i soeec cccuctio- eq^cr-ent - catm- 
elongate eiectrocnenical ceils of the invert on navtrg ca:rcce assembles -sv:-g ge-.eraiiy a-euate :cnfi-L.'a;;crs 

3 generahy corresponding with the outer arcuate siaes of tne rescsct;ve ce :s 

[01 67] *:^e overall effect cf the working of the stack of sneets ;s :c 'ecuce :ne tr c<ress cf :re stacx ana :c e'ec::ve y 
crcss-fcond and thereby ccr.sohcate me sheets toeac.n cthe*. s-cn mat me c rect:ota;ty of :ie sre-gtr cf weo 7 a t 'e 
g :reMD;C0 ratio of tensile strength) ts more everiy astnoutec n ne V3 sro CC cirect ors tr t-e tr-.s-consouoated 
un-tary workeo snectc2W ran m a.n unwor^ed sneot ot simnar thickness Narciy. tr.c ratio of c*oss -g tcr.suc si.-cr.girs 

*3 is roser to 'V m tng ^n.ta."/ wonted sneat man r !ne unwonted sreets, w.nemer me -j-sworxec sree:s are :a*er 
mdivcually cr :n combination in acditon. apoiicams conteno.ate mat re work core m :re f-rs: arc seccno r.os a: 
roils 70 and 56 further 'ionllates tne Diraer anc interconnects tne associated ficmis. n\z a tvea-cimensionai retake 
arrargement of mterconrected omder fibrils, thus tc assis: me omoer m *ts .-cie cf binding me carocn ana Mn(n t.o eties 
imo ire resua.ng worked sheets 92W. or oinerwise conuun-ng cr roiang the caroon and N/n[li) moieties n sneel ;c*m 

r5 As a mechanical act. me contemplated three-dimensional neHi<e cinder arrangement s beleved :o -eceive anc ncc 
the carbon oarticles in me sheet structure, primarily by mechanical entrapment 

[0168] PTFE. as a Dinder. can atso serve as a chemical bonding agent condmg carton sances together to 'orrr 
an adhesively-defined matrix. While adhesive properties ot PTFE are generally activated oy heat, applicants contem- 
plate that the work energy utilized :n the working ot the stack of caroon sheets as at the nip formed by rolls 70 and 66 

20 may cc effective to so heat the compositions ol the mater ais ccing rolled as to concomitantly and ccncurrcnty activate 
me adhesive properties of the PTP£. Applicants tnus contemplate mat the binding performance cf the PTFE n active 
caroon catalyst of the invention may be a comomaton ol mecnanical entrapment and such chemical aonesion 
[0169] The resulting worked sheet S2W is sufficiently strong, m all directions, to tolerate commercial processing. The 
typical worked sneet has an overall thickness m the range of about .003 to aoou OiO inch, preteraoiy about 0C4 go 

& about 008 men and most preferably about 005 go aoout 007 inch 

[0170] The ^oilowng description applies to assembling a woikeo caibon sheet 92W to a cylindrical cathode cui-ent 
collector 32 such as that described in FIGURE 4. A work piece 88 (FIGURE 1 4) of suitable size rs cut. as necessary, 
from worked sheet 82W. Work piece 38 has a width sized to cover the full length of cathode current collector 32. save 
top and oottom edge portions 42. 44. as shown in FIGURE 10 Thus, work ciece 38 is narrower than cathoce cureni 

j0 collector 32 is long. 

[0171] Work piece 88 has a length sufficient to wrao about the entire circumference of cathode current collector 32. 
ana tc provide for a modest overlap between the leading cage of tne wrap and the trading edge ct tne wrap 
[0172] Work piece 88 is assembled to cathode current collector 32 using. 4 or example, a 3-roii stack 90 of assembly 
roils 92A 92B. 92C. The lengths of rolls 92A. 92B 92C are generally greater than the lengths cf the catnoae current 
35 collectors whose assemoiy. to other elements of the air cathode assembly, they faoiuate. 3oiis 92A 92B 92C are 
aligned with each other as shown m FIGURE 14. and are spaced from eacn other wnereey the roils typically but not 
necessarily always, relate without touching each otner 

[0173] Optionally, and p eferably current collector 32 s first supped ovei an e g steel mandrel 93 The mandrel 
generally fills the space across the diameter of the current collector. The current collector, m combination witn the 

'0 mandrei. when the mandrel is used is then inserted into the central opening defined by the stack of rolls 92A. 92B. 
92C. as illustrated in FIGURE 1 4. Pressure is then applied to the stack ol rolls as illustrated by arrows 95. bringing the 
rolls together, and against cathode current collector 32. Rolls 928. 92C are preferably fixedly mounted to a support 
such that roils 923. 92C resist the pressure applied by roll 92A through mandrel 93 and current co lector 32. Accordingly, 
the force applied by roll 92A ts effectively applied to current collector 32 and mandrel 93. Thus, tne pressure on the 

45 rolls causes the roils to apply pressure to outer surface 58 of the current conector. 

[01 74] Wth pressure thus oetng applied to tne outer surface of the cathode current collector m the midst of the 3-roli 
stack, workpiece 88 of the worked carbon sheet is directed into a third mo defined between the current collector ana 
top roil 92A. centered between top and bottom edge portions 42. 44 of the current collector E.g. top :o;i 92A is men 
driven in tne direehon indented by arrow 94. Drives ol oottom rolls 923 92C are connected to the drtve or top roll 92A 

so through suitable gearing or other apparatus, not shown, which causes the bottom noils to roiate in unison at constant 
and common soeed and direction with too roll 92A sucn that rolls 92A. 92B. 92C provide a common drive direction 
driving cathode current collector 32. 

[01 7S] W*h the rolls and the current col ector so turning in common, the current collector being driven coUectrvery 
and in common by tne rolls, and with a leading edge of carbon sheet work piece 88 disposed against the nip. the work 
>5 piece is drawn into the nip oy rotaton of the roils and the current collector As the work piece is orawn into the nip. 
downward force is being applied to top roll 92A and thus t cathode current collector 32. pressing tne caroon sneet 
worn piece against the outside surface of the cathode current collector. Rotation ot r lis 92A. 92B. 92C : and current 
collector 32 continues, progressively drawing tie work piece into the nip, and on: ojter suf ace 58 ol the current 
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collector 

[0176] Accordingly, con.muea -olalionof colls 92A 923 32C. ana cur -en. cc::ecxr 32 ercgressveiy crr.es .re eve -31 
length cf eacn portion of the work oiece m:o secuent^i e*essue re-anons-iics w«tr 3 cf rci-s h2A. 523. 32C *: tre 
nos formed berween the respective rolls and current collector 32 ^ctaror c.' re :c:ls. arc o' 're cu.ver.: :c:ec:c; 

s continues uii'l Ore lull length of the wor< piece ras ceen -vorKec ey 31 :rves eressu-e re: s 

[0177] As drawn trto the entrance no at rcn stacK 90 work oece 5= 5 a gere-aily scr o- aeie ca*oon-oaseo sneet 
catena, "he cressure exered by rolls 92A 928. 92C deforms tne sot: career oasea s-eet materia . t-^s 'eitr.c 
tre careen material mio anc through perforators £6 aajacert worn oiece =3 as 1 1 jsrateo ir ?:G_?.ES 3A. 35 arc 7 
[0178] As :rc sc-2Xtrjccd caroon materia! moves tnrougr perorations 55. tre careen ratcnai s zzni'cv tc :rc 

•0 crcss-secticns cf tre respective oertoraicns As ;re leading ecges of :*e axtrjsors .n tre -eseec:ve rer'crat.c-s 
reach inner surface 60 of current collector 32 trie caroon mater al encounters -rarcre! 93. whe-eey exie^s on c* t-e 
caroon material inwaraly cf inner surface 60 of the current collector is resistec ana iimtee cy manere- 93 The com crec 
forces of roll 92A ana mandrei 93 thus scueeze the caroon material eetween them, catsmg lateral e:ast c cetcrmaticr 
flow cl the carton material nwardiy of inner surface 60 Thus, .he leading edges ol lie ca-aon material *n:cr. s 

'5 extruded through perforations 56 flow and extend outwardly cf projections tre respective pencratrer.s 55 a; are 
adjacent tne inner surace of current collector 32. ihus to mecnanicaily nteriock at leas; eadm; portions of the reseec 
t:ve carbon extrusions to the cathode current collector by the mecrar icai interlocking of tne carton work oiece estweer 
inner and outer surfaces of the cathode current collector, tnrougn perforations 56 

(0179] In the illustrated process, the resisting fcrce ol mandrel 93 limits the thickness cf ejection o* the career 
20 ratenai inwaraly of inner surface 60 of tic current collector. Overall, the result of the illustrates p*occss is trat the 
surface of the combination of current collector and caroon cataiyst is a generally continuous matrix of weos 62 of the 
current collector interspersed with discontinuous regions of the carbon natenai. and wherem the careen material ex- 
tends inwaraly of webs 62. typically about ■ millimeter or less. Other crccesses can be used << aesirec to apply the 
carbon material as a ayer inducing over webs 62. such trat the carbon covers substantially all of tne <nner surace 
25 of the cathode current collector, and defines substantially the entirety of the inner surface ol tne combination of me 
cuiieni collectoi and the carbon mateiial 

[0160] The common and relatively constant speeds of rolls 92 provide a generally uniform thekness "T2' to the 
resulting layer of carbon -based material wtiich is applied to the outside surface 53 of cathode current cciiccto- 32 
[0181] In -he emoodiment illustrated in F GUflE 1 4. the pressure on the caroor sheet workoiece and on the catroce 
JO current collector in stack 90 is applied by a pair of pneumatic cylinders [not snown) having working oiameters (cylinder 
bore size) of 1 06 inches. The pneumatic cybnders urge top roll 92A cownwaraly against the outer su'face of cur-en: 
collector 32 as illustrated by arrows 95 and apply force tnrougn current collector 32 ana manarci 93 against oonom 
roils 92B. 92C. 

[0182] As illustrated in FIGURE U. downward force on top roll 92A is transferred tnrougn current collector 32 to 
JS mandrel 93 at top roll 92A. and from mandrel 93 back through current collector 32 to roils 92B 92C at tre interfaces 
of rolls 92B 92C w«h current collector 32. Accordingly when doumwarc force is applied to ro'i 92A. with manorei 93 
ana current collector 32 m place as seen n FIGURE 14, the force passas through nanarei 93 ana .s acpitea to current 
collector 32. substantatty simultaneously, at the 3 locations of lineai contact, namely the thiee rips, between cu»rem 
collector 32 and respective rolls 92A. 92B. 92C. 
« [01 63] The relationship of the mandrel m the stack is such that the mandre 1 is held in the stack generaly by the forces 
applied by the stack of rolls. Namely, the mandrel generally floats, in surface-to-surface contact with rolls 92A. 92B 
92C. within the opening defined between rolls 92A. 929. 92C. doth when rolls 92A. 92B. 92C are motionless, ana when 
the roils are turning in performance of the operations the rolls were oesigned to accomplish. 
[01 84] As work piece 58 is *woduced rto tne ntp ; the torce being apciied by tne top roil against tne current collector 
45 is thus imposed on the wont piece, and much of the respective force is accordingly transmuted through the work oiece 
to the current eoUector. As He work piece is drawn into the stack of roils *orce is first applied :o tne leading edge 0' 
the work piece by rott 92A 

[01 85] As the work pace leading edge progresses past roll 92 A, the movement of the leading edge out of the nip at 
roll 92A correspondingly releases the mp force from the leading edge, and such force is corresoondmgly applied and 

so released twee more as the lending edge respectively passes through the ntos defined between rolls 92B and 92C anc 
current collector 32. The remaining portions of the carbon sheet work piece are likewise subiecteo to three consecutive 
applications of lines of force at rolls 92A. 92B. 92C. with corresponding releases of the force oetween respective force 
abdications as such portions pass into and through the respective working mps. Thus, when the full 'ength of the work 
oiece has been received into the stack of rolls, and the stack is effecting rotation of the work piece in the stack, force 

55 is being simultaneously applied to the work piece at three soaced lines extending along the length of current collector 
32 and respectively along me width of work piece 36 It will oe understood that t rce is oemg apohed constantly and 
uniformly t the rolls, and that the application and release of torce to current coBector 32 and w rk piece 68 is a result 
ot the current collector and work piece passing oetween a roll and the current c Hector (force apohed*. and out from 
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oetween a roil and me current ccilector (force released), all wn ie a ereieraciy Lnfo'.m face .s zer.* cors"a-:'y acc ec 
lo foil 92A. ard irus at :ne ihree n ps 

[0186] ;.n :r.e above procass. some ct tne force a: one or ~ce zi rc is -2 A 323. 32C oerorrrs :ne ^ccve -otec s:ec 
oi defor-nmg the s ft anc pliabte materia) 3* work o ece ro. :*e.*eoy ;c ex::uce *ne caroor -ater al r:o serf erasers =5 

i as i ius:ra:eo. The extent cf tne ex:rusion or ctrer seicmation cf tne wcroece a; any g;vsr res sect! :ne e:rc-m- 
fererce o ; tne outer surface oi tne current collector is a .'jnction of tne nature a"0 aT*our: ct 'cces aosi-ec a: ra: 
icc,s ay rolls 92A. 923. 92C at thei' 'espec:rve ines cf con:ac: wtn :ne wcrk oiece -n ccncir 3ticr. witr :ne :re over 
wn:cp. :re resoectrve forces are aopfieo as we;: as oeir.g a f.nction c' tre ns:u:e of the spaces o* *otis 92A. 925. 92C 
As force is increased for a givon tine interval cverwn.cn :rc ?orcs £ aoo.tcc. n general, -rc arcjnt cl ma: oral ocrermsc 

■o tr.-OLcn oero-a: ens £6 rcreases. 

[01 87] T?e engn ct work piece 58 is aefineo he'em :o ce long erotgn :o 3ssu*eciy cove*' tne entire eircumrererce 
of cur*ent collector 32 As noted aoove. me forces appneo on tre work nece as *ne worn eiece is oe:r; asser.oteo to 
tre current collector cause me work oiece to cetorn. Sucn cetormaticn induces aeformatior cf tne iengr.n ano wictr 
dmersicns as weli as the above described deiorrraiior of me thickness oara-neiers. Accordingly considering ;he 

rs plastic celormation of work piece 38. m order to ensure that tne work pieca fully covers tre c:rcum*e'e~ce of the cur -en: 
collector, the length of tne work piece ts specified s jen tnat the deiormed length will be shgntty onger mai s exoectec 
to oe needec to fully cover the circumference of the current collector. Thus. Cy the tore the full length of the work oiece 
has been received at roil 92A and the work piece has been plastically oefenred in ieng:n width, ana trvexness cy tre 
forces aopiied by stack 90 of roils, the trailing edge of the work piece sugntly overlaos the =eaaing edge of the work 

20 piece on the currcn; collector. 

[0188] As the trai ing edge of the work oiece is pressed onto the current collector, ano progresses about stac< 90. 
tre forces cf rolls 92A 928. 92C. ohyscaily and piastica ly deform the comcmation of the leactng and trailing edges 
thus to create a smootn Boundary oetween me leading and trading edges cf the work pieca ir app'icat on of :ne carcon* 
oasec material to the cathode currant co Hector. :o tnus form mount bind, secure, and otherwise torn the active caroon 
25 catalyst onto the current collector, ana wherem the current collector serves as a suostrate 'ecerving :re defcrmaDie 
caibon wot k piece hereon to 

[0189] Similarly, if the residence time over which a given amoun: of force is aopiied is increased. :he amount of 
carbon work piece material deformed throjgh perforations 56 increases. Thus, to the extent the speed of notation of 
rolls 92A. 92B. 92C is inconsistent, and a constant force is being aopiied. the time over which force is apolieo to given 

33 locations about ihe circumference of the current collector is similarly inconsistent, whereby the amount of materia) 
deformed through perforations 56 is likely to be inconsistent, resulting in varyng thicknesses *T2' aocut the circum- 
ference of the cathode current collector and varying thicknesses of proiccnons of the camon material inwardly oi ;nncr 
surface 60. Thus, general constancy of force application, and general constancy of soeed of rolls 92A. 92B 92C. white 
rot necessarily critical to basic ooerabilfty of the air cathode assemoly. assist m proving general overall uniformity of 

35 the application and bonding of active carbon catalyst layer 34 to the cathode current collector. 

[0190] Where the diameters of the two pneumatc cylinders are the above recited 1.C6 inches and the width of the 
work piece is about i 6 inches, the pneumatic pressure aopiied :o each cylinder is between aoout 40 ps> and aooui 
100 psi pieferably about 60 osi to about 100 p$j. still moie prefeiabiy about 35 psi to about 90 psi The fotce thus 
apolied to the carbon workpieee by the two pneumatic cylinders in comomation. through roll 92A. >s accoroingly aoout 

*o 70 pounds to about 221 pounds aopiied over the 1 .6 inch wcth cf the work piece. Accordingly, the force applied to the 
carbon work piece by roll 92A is about 44 pounds to about 1 38 pounds per inch wtcth of the work piece 
[0191] Ccnsiderng the force levels suggested above, acceptable speeds for rota ten of rolls 92A, 92B. 92C. are 
about 10 to about 150 revolutions per minute (rpm). Preferred speeds are oetween about 25 rpm and about 75 rpm, 
more preferably about 40 rpm to about 60 rpm. Within the statec soeec -ange the taster tne roll speed, generally the 

<s more uniform the effect of :he application of the force is believed to oe The slower the roil soeed. and the greater the 
force, the greater is the extent of the deformation oi the carbon catalyst composition caused by passage under a grven 
roil at a respective nip. 

[0192] FIGURE 15 shows m graph format the general affect of pneumatic cylinder pressure, using mo aoove-noteo 
cylinders, on the vcJlage of the resulting air cathode made Irom the wo*k product of the assembly sleo iilusiraied m 

so FIGURE 14 as tested in a cathode half ceri testing device on a discharge current of SO mAfcm 2 As seen n FIGURE 
'l 5 and assuming appropriate speed of rotation ot rolls 92A. 92B. 92C air pressure appears to nave no suostantiai 
affect, or little affect on vottage cf the completed ar cathode assembly when the air pressure on the cylinders is 
between about 40 psi and about 100 psi. When the air oressure is reduced from 40 psi to 20 psi. there is a distinct 
drop in voltage, from about 1 16 vols to about 1 14 volts. Accordingly, where the pressure is reduced to 20 psi at the 

55 pneumatic cytinoers, the voltage ot air catnodes -nade from such comb nations is reduced by about 2% • 4?u Thus. 
20 psi to 40 psi is less preferred. Preferred press jre is ab ut 60 psi to about 30 psi. 

[0193] White assembly cf th carbon sheet work piece to the air cathode at less than 20 psi can be done, and while 
the resulting air cathode has some functionality, the performance drops off still further as me pne jmatic pressures droo 
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oe'cw 22 ;si Accordingly, less mar 20 osi pressure .5 not c-eterrea 

[0194] =IGURE HAKiusi'atesailernaieapcaraljs and ai.ernyte me.r.oas or assemoi-.g * s^eet o, f d ;; ve c<=r;c 
cataiyst to tne cathode current collector As seen r F GURE i 4A -:anc*9' *c;; £3 s ur;sa cy ucv/riwa re y-zrectec 
forcss illustraiec as arrows ^50. against a sirgie. ; :xeoly-moumea wcrkirg re;. t92 7*eciameter o! working ro; :92 
5 is suostanuaiiy larger than thai iilusfated tor rohs 32A 923. S2C ol c Gu 5 t "4 Marcrei 93 is. cf :ourse me same 
Size as n FIGURE 14 m order to -it inside ejrrert collector 32 

[0195] Whereas rolls S2A 92B 92C are '0' examcie aoou C.5 men tc acout C 3 ncr n darrete* ara .-arcre: S3 
:s o' Similar s:ze e.g abcut 0 5 men wording roll '92 s oreterac y aooui * :r cr.es to acout 5 ncnes oameter wr. a 
prcfcrcc sized acout 5 =rcncs oiameter T^o larger o g 6 men Diameter of roil "92reauccsiroangicc: ar.ac* octwec- 

?3 me surfaces of mancrei '0;t 93. current collector 32 ara working roil 132 The reeuceo angie facilitates ?99C ng of ;.-6 
carbon workc^ece nto tne no. Further, tne 'eouced contact ang e martains pressure at a giver iocls cn :re career 
sneet for a suostant ally greater distance of circular travel tran oo any one ol me nips in :ne emcocimer: o ! F GLRE *4 
[01 96] Mandrel 93 and working roil 1 92 are Dotn cooceratively artver a: cocoerative suriace soeeas m tne c:rec:icrs 
shOA-n by arrows 194 196. by suitable anve acparatus (rol srown). 

• S [01 97] A further advantage of the larger working -oil 1 92 s mat carbon sheet 30 illustraiec n FIGURE * 2. ■acncaiec 
as at r !GURE 11 need not be cross-lam nated as at FIGURE *2A. Rather ne carbon web as *aonca:ed at 7* 
FIGURE 1 1 can* oe tnmmec for si2e to make sheet £0. and fed mto the nip between marcrei S3 and roil 1 92 witncu: 
further preliminary processing of the carbon sheet. Nameiy, wnereas preliminary working of sheet SC. to strengthen 
the sheet, is generally inocated wnen apoaratus and process o* FIGURE *4 s useo. no such preliminary working is 

20 required when using the apparatus ana process of FiGURE HA 

[01 98] In view of the comparative teachings with respect to FIGURES * 4 and 1 4A. one can use as a support s: ruct ure. 
as at roll 1 92. any si ruct ure raving greater arc radi js mar the arc raous of mandrel 93 oy a ratio of at east about 4/' . 
preferably at least about 3/1 . mora preferably at least about 1 2/1 . optionally up to and greater mar 1 6/1 inducing all 
ratios oetween 4/1 and tne inverse arc represented by mandrel 93 Cr.e ran' use. for example, any of a variety of roils 

2S 192 One can at so use an endless oett (not snown) presenting, under pressure, any desired curvature to catnoce 
cuneni eoliectoi 32 or to tne caibon catalyst, at the i espect tve nip inducing a flat oresentatior e g an infinite i actus 
(not snown). or an inverse concave curvature up to a curvature that more -or- less, or generally, follows the curvature 
of the catnode current collector as effected by mandrel 93. Thus, an arc radius ratio of at least about 4/1 includes flat 
presentations and structures (e g. inverted arcs) that tend to follow the outline of mandrel 93 ard/or current collector 32. 

:o [0199] For use of the embodiment of FIGURE 1 4A to apply the carbon to tne cathode c jrrent collector, the disciosec 
cylinders are preferaoly powered to aoou: 40 psi to about 60 psi. more preferably about 50 psi. 

AIR DIFFUSION MEMBER 

jS [0200] Air diffusion member 36 preferably performs a variety cf f unci tens m the cell, and provides a variety of prop- 
erties to the cell F rst. diffusion member 36 provides a moisture barrier, tending to prevent, discourage, reiard. or 
otherwise artenuate. passage of moisture vapor into or out of me cell 

[0201] Second, diffusion member 36 piovides a liquid bamer to prevent, ietaid. attenuate, ci otherwise discouiage 
leakage of liquidous electrolyte out of the cell. 
40 [0202] Third, m preferred embodiments, diffusion member 36 provides a foioed-over seal layer at the top of me ceil. 
Such seal layer, in combination with the separator, physcally and electrically isolates the cathode current collector ana 
the active carbon catalyst Irom gremmet 13 and anode mix 20. 

[0203] Fourth, diffusion member 36 can be usee to control the rate of diffusion of air into and out of the cell to anc 
f'om the reaction sites on the active carbon cataiyst. As such, the diffusion member sets tne upper nmit of the rate at 

*s which oxygen can reach the cathode reaction sites. To the extent the diffusion rate through the diffusion member s 
icwer man the rate at which oxygen can be used at the reaction surface, nameiy tne oxygen reaction rate the diffusion 
member defines the upper limit of the cathode reaction rate at the reaction surface. By so controlling the catnoce 
ra action rate, and assuming the anode reaction rate is not controlling, diffusion member 36 provides a control to me 
limiting current, namely thai maximum current now which can be produced by the cell when an external circuit which 

so is powered oy the celt operates under high demand con d lions 

[0204] Fifth diffusion member 36 distributes ajr laterally along its own length and width, especially the incoming air 
entering the cell. Such lateral distribution affects the degree to wntch oxygen is provided uniformly over the entirety of 
the area of the reaction surface of the cathode assembly, rather than having oxygen much more concentrated at those 
portions of the reaction surface which are directly opposite air pons 38 and correspondingly mucn less concentrated 

»s at those portions of the reaction surface which are between projections of the air ports onto tne reaction surface. 
[0206] in view of the aoove multiple tuncttons 1 diffusion memt^r 36. me material from which me diffusion member 
is fabricated must have certain properties. Such material must oe sufficiently porous as to provtda an acequate conduit 
for flow of oxygen therethrough both through the thickness of the material and internally along me lateral length and 
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width of re material Subtle sucn materia* are ceiam cres o* re TKcrceorcus ao ymenc # : ms 
[0206] Tnema-.enai snouid ce generally h came* .0 .rarsr-issiono.' *«*e- wreine- ' C urc or v^c* *c- See- .c* v 
re diffusion member serves as a baner *o ess of re homo acteous oorassium -ycrcxae o* s-m.iv eiecvcye 
f*om the cell. :hrough re air cathoae ana preferao y arterjares ^ovemert o f water vaoor <mo e? cli o : re :e-~ 3r C e 
re electrolyte is an acueojs composition, re catena. f:cm *vr.rc- re air oiflus.cn msmce* -s acrcatec -:js:'o« 
generaly hydrophobic Certain or.es o! the mc-'ooorcs co vmer:c ft -s are rycrcoroc c 

[0207) T^e material must be toieran: of. and generally inert :c re eiec::o;yre. *or eiamce re a.xafi.ne eieetxiyte 
env ronment of aqueous potassium hyorcxice-dasec electrolyte wn cr s tyoicai of -etai-ar elecvccr.er ca'cei's 
[0208J T-.e material must emcody suit3Die mtoma- struexve aro su::acic suriace pxoer os :o crov oo sea ceo- 
ernes lor example ;c crevce. n comomanon war re seoarator a arsssure seat gasnet-'ypa a'tec: a: re :eoYf r s 
at- cathooe. rerecy :o :rcviae a seal layer setween re g.-emme: ana re canoce cu-ren: co-iec:o7 At re ^crcn'o! 
re cei'. re material prov.oes a seal oetween re bottom member of re cen anc :ne comoinat.on o" re camocVcuren: 
collector and :ne active caroon catalyst. 

[0209] Tne material 'rem wh.ch air difrusior nenoer 36 is iaorcaleti >s ceier d biy SLOjeci lo mano jianoc sue-, *s 
'5 during fabrication r orcer to am* namely to reouce :o a oesired amount, re rate at whicn oxycen and water vaoor 
oenetrate through the otffusion member and reacn tne reaction surface of act;ve caroon catalys: 5* Such cacac::y for 
mamculating the air diffusion rate enaoles tne cell nanutactu-er to ccniroi rhe target air diffusion specifications c! re 
ceils being manufactured by maKmg cnanges m the assembly process without necessarily changing tne 'aw materia 
from wnich tne air diffusion member is fabricated. To the extent the diffusion rate of water vapor can ce so mamculateoV 
rccucca and controlled without limiting oxygen diffusion so mucn that the camodc reaction rate is rccuccd. passage 
of water vapor :nto or out of the cell can be correspondingly reducec wmout affecting the limiting current of the cell 
[0210] A preierred air diffusion member 36 for a *AA" size ceil nas a thickness of aoout 0035 men A su;;aoe range 
of thicknesses •$ about 0.CC2 inch to about 0.006 men witn a preferred range of about 0C25 inch ;o about 0CS inch 
and a most preferreo range of about 0.003 inch to aoout 0.004 men. Sucn air diffusion member 36 can be faencateo 
from a generally continuous weo of microporous polytetrafiuoroethyiene (PTFE) The microporous P*=E used (or 
diffusion nembe. 36 has the same genera chemical cornoosition (PTFE) as rhe above-noted p efeired rnatenal usee 
as the birder in the active carbon catalyst 34 The application is. of course, afferent m rat the ?T"E used m the 
catalyst is obtained m powder form : whereas the PTFE used m the diffusion member is obtained m the form of a 
continuous microporous weo. 

[0211 J A preferred web for fabricating diffusion member 36 has a width equivalent to the length 'LT of cathode 
current collector 32 plus aoout 0.125 mch, and a thickness prior to assembly into the air cathode as air diffusion 
ncmocr 36 : of aoout 0.002 inch A suitable range of thicknesses for the web is aoout 0.001 men to about 0.005 men. 
witn a preferred rarge of about 0.0015 inch to about 0 0025 inch. Such weo of microporous PTFE is availaole from 
Penormance Plastics Products tne . Houston, Texas, as PTFE Ultratnin Memorane. The thickness of a weo of the 
35 above described PTFE material tyotcally vanes along the length of the weo by up to plus or minus 10% as receives 
. from the supplier. 

[0212] in air camode 26 : air diffusion member 36 is preferably consolidated from multiple tnicknesses of tie above 
desenbed PTFE web Referring to FIGURES 7 and 16 nree such tmcknesses a<e Hiustiated by dashed lines 96 It 
snould be noted, however, that the consolidated air diffusion member operates more like a single layer than :ike the 

*0 multioie layers suggesteo in FIGURES 7 and 16 

[0213] The invention contemoiates that an acceptable cell 10. namely a cell that does not leak electrolyte, can be 
fabricated using as few as 2 layers of material to fabricate diffusion member 36. Uo to 5 or more layers may be used. 
However, about 3 layers is preferred in order that thickness variations along the length of the web be accommodateo 
among the layers -hereby to reduce the overall thickness variations, ano m oroer that tne length of the rtarace between 

45 layers along the length of the web. from the leading edge to the trailing edge, be sufficiently long to avoid seepage of 
electrolyte along the nter-iayer interface between the layers of hydroohob>e material and tnence out of the ce I 
[0214] The multiple layer configuration of diffusion member 36 is preferaoly fabricated as the web of material frcm 
which the diffusion member is made is pnad to the subassembly represented m FIGURE 10 by the combination of 
the curreni collector and the carbon catalyst. 

[0215] Referring now to FIGURES 10 and u. after the active caroon catalyst work piece has been applied to the 
cathode current col ector to tabrcate the subassembly represented in FIGURE 10. a strip of PTFE. of suitable wicth 
as oesenbed above. ;s fed to the nip between roll 92A and the active carbon catalyst which is disposed on the cathoce 
current collector 

[0216] The PTFE strip has a length sufficient to wrap about the outer surface of the active carbon catalyst thenumber 
of times reouired t devel p the number of layers desired in diffusion memoer 36, preferably plus a mooest excess 
which wraps past the starting point on tne circumference wnere wrapping of the PTFE was commenced. 
[0217] Thus, the PTFE stnp can be assembled to the cathode current collector at outer surface 63 of the active 
carbon catalyst using the same 3-roil sack 90 of assembly rolls 92A. 92B. 92" as is used t assemble the active 
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caroon catalyst :o tne cancde cu-rent collector, or single roi- t92 ct F IG-RE '<:a 

[0218] As with aopiicaiion of ihe caoon-based work piece 35 lo!-ee.."er.i rouecx: cessure is dCCnec .c .re 5.ac< 
ct 'c!s. bringing the rolls together, ana agatrst catroce current cc.:ec:cr 32 a-c acnva careon cataiys* wr e re 
PTFE layer is being asserrcied into the air cathoae sfuciure As w::.- asseroiy of 'r.e careen -casec wo.-* ciece to tr.s 
5 current collector, the pressure on the rzvs causes :ne 'oiis :c aociy cessu-'e :c outer s^race 53 of *rte a:we career 
caiai/st 

[0219] With oressure thus being applied to the outer surface of the cataiystm the n-cs: of 3-.*ci stack tre -nrcrri-c 
?T r E stno is ceded *nto the r:p aefrned oetweer \ne carcon cataiyst anr :co ro-i 52A A3 oe*o*e too .*oi; 92 A $ enver 
m the direction naicated by arrow 94 Bottom rot s 929. 92C acccrcrgly rcaio jmscn at xn-cr socca witr tec 
r o roi! 92A ana n direct:crs 3'oviding a common ann-jiar anve airecrcn :z octr tre co.ts -naticr z* :re carcoe cursr: 
collector aro the act.ve caroor catalyst. 

[0220] With :ne roils and the current collector sc turring n common aro with a :e30i.ng ecge o' re 5 *r?= sire 
disposed against the nip. ne PTFE stno is drawn ir.to tne nio by rotation of tre rots ana ne cu-.-ert collector -cataiyst 
combination. As the PTFE strip is drawn into the nio. ihe pressure oeiween lop 'oil 92A and me acuve carton caia ys. 
j$ presses the PTFE strip against outer surface 63 of the active caroor catalyst Rciaton of -oils 32A cjq 922. arc :re 
current cot: ec tor-catalyst combination continues, d'awing the PTPE strip into the mo. and or:o outer surface 63 of the 
active caroon catalyst. 

[022 1 ] Accordingly, and similar :o the assembly of the catalyst to tre current collector, contin ueo -rotat on ot -oils 92A 
92B. 92C. and the current collectorotaiyst combination progressively Dnngs eacn oorton o: tne ie-.gtn of tre P"= 
20 strip into sequential prcssu'C relationships with all 3 of rot:s 92A. 928 92C. Rotation of the roils ana ot tne currcn: 
collector-caiaiyst combination continues until the full length of the PTPE strip has been orawn :nto the no and wontec 
by all three pressure rolls. 

[0222] As drawn into the entrance nip at roil 92A of stack 90. the PTFE strip ;s a generally set:, pliable mater at. The 
force exerted oy rolls 92A, 92B. 92C urges portions ol the PTFE material ;hto tne catalyst composition wnereoy the 

25 structure of the PTFE when defines the micrepo'Ous nature of the PTFE strip forms mechanical alxations w:tn the 
active carbon catalyst thus mechanically 'bonding* the =T F£ to active carbon catalyst 34 Aoplicants contemplate 
that, at the same tone, the stack pressure iifcely further oeforms the careen material into and trvougn perforations 56 
[0223] As the rotating current collector, catalyst anc PTFE stnp complete a tuil revolution m roll stack 9C. re incoming 
PTFE begns to encounter, and to be fed over, tne underlying first layer ot the PTFE The pressure being acoited by 

20 roll stack 9C urges tne overlying incoming PTFE material into intimate contact with the underlying PTFE material such 
that the micooorous structure of the two layers of PTFE which defines tne microporous nature of the PTFE stno forms 
mechanical affixations between the two PTFE layers, thus itgntly mechanically "bonoing" the overlying ana underlying 
PTFE layers to each other. Third and subsequent layers of PTFE, A appiiec mechanically bond to the 'e&pective 
underlying layers in a similar manner, tn preferred embodiments, tne PTFE strip is wrapped about 3.25 times aroune 

<35 the outer circumference of the current collector<atalyst combination. 

[0224] The result, of wraooing the PTFE strip about the current collect or -catalyst combination multiple nrnes without 
an intervening leaning or tracing eno edge of the strp. is the application of multiple layers of ;ne PTFE without deploying 
multiple searns at layei joinders Rather the multiple Eayei difluscn member so faoncated is effectively seamless m 
that there is no intermediate seam, or series of seams defining the multiple layers, which seams could provide leakage 

*o paths for exodus of liquid electrolyte from cell 10. By providing a full numoer ot wraps oius a mooes: overlap of the 
starting point on the circumference ot the assambly, a full eomolement of the desired thickness s provided over the 
entire circumference of the assembly so created 

[0225] The terminal end edge of the strip is subjected to the same pressures as the rest of the strip. Accordingly the 
same bonding principles bond tne end edqe of the strip to the underlying layer of PTFE. wneredy tne end edge of the 

45 strip is suitably bonoed into the overall assamoiy. FIGURE 17 shows a representative cross-section ot the cathode 
assemoty assemblage at the instantly above-described stage ot assemoty, whereby about 3.25 circumferential wraps 
of the PTFz have been applied to the assemblage of the carbon on the cathode current collector 
[0226] In pre/erred embodiments, as the PTFE strip is fed into the nip formed between roll 92 A and the active carbon 
catalyst the strip is positioned such thai a first s*de edge of the strip is aligned tale rally with a firsi s>de edge of the 

so current collector -catalyst combination, and the second edge of the strip extends as an edge porton. outwardly of the 
opposing side eoge ot the current collector, which wdl be eisposeo toward the top of the cell, by preferably about 0 : 25 
inch. Thus, when ihe PTFE strip has been fully assembled to tne current coilector<atatyst combination, thereby to 
apply the strip to the current collector-catalyst combination and to fabricate the diffusion member, one side edge of the 
multiple layers of PTFE strip extends outwardly of the correspording top edge erf the current collector. 

« [0227] As the PT=E strip is applied to and through the nip between roll 92A and carbon catalyst 34 : pressure is 
applied by stack 90 directly to me PTFE stnp. indirectly to workpiece 86. and moirectiy to current collector 32. in the 
same manner as is used in assembling the active carbon catalyst to tne current collector. Soeed of rotation of tne r lis 
is generally the same as described above tor applying the active caroon cataiyst material to the current collector. 
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Pressure appnec to tne PTFE weo by stack 9C s r the range oi aoei.: 3C cs= :oaoou: :0C as:. ceferacv acout 2£ cs 
:o aocu. 70 psi. sli.i more prelsraoiy aootl 25 osr ir aooul 50 osi 

[0228] using the above describee PTFE str o. anc *ne »cov3 cesc oec oressurs ara sceec cr *ciis 32A $25. S2C 
the = TFE strip is compressec as it enters anc trave-ses the stack *r.ereoy t.^e effect ve thickness of ;~e sree: mater a- 
s s reduceaastnestnoisassenbtecwithtnecLj.'-er^coilecx'and^e ca:ayst rcreasea rcmp-ess;rgo : t.ne ^"E r 
general reduces oemeabilrty of tne 3 ~Ft :oa - 4 !ow:nere:hrejgr. ^err-eaowr/ sa sc -acuceo as *re *jrrce- cf layers 
of ?TrE ts ircreased 

[0229] Sran.ng with a PTFE s:np thickness of 0 CC2 irc.n :.ne overall tmck-tess ci a tnree layer elusion rr.er.ee.' 36 
so faorcared. >s preferably aoout C C035 mcr This ara owe: rvcuncsscs ct 3 T=E str:c car acccreirgiy eo -see. r 
■ 3 :-is an 3 ctne r n jrcers of layers of P T= £ strip raier-ai. 'o- examp.e 4 iayars 5 iaye r s 5 aye's. 7 ayars c mora :c 
'aoricate any ces;rec thickness and/or any des-rec elusion rate 'or ctf'-scn ^erse- 36 

[0230] After me PTFE snc is mus assemoiea :o :ne current coiieciccata ys: combination, tr.e cressure is releasee 
from roll stack 90 ano the current coiiectcr. carbon catalyst, diffusion me-noer assero age is -emoveo f-orr tre stacx. 
[0231] A separator 16 is then juxtaposed adjacent .he rner surface oi ;he calhoce assemDiage Separator '6 car 
•5 De juartaoosea adjacent tns inner surface either oefore or after the cathece assemblage s assemoieo :o a cotter 
closure member such as iq bottom closure memoer 202 or to catnode can 28. 

[0232] Tne upstanding free edge region of the PT~E elusion member is ther relied or foided nwardly accut tne 
circumference of the ceil, sown over the top of the separator ana downwardly onto the top portion of the inner s jrace 
of the separator The downwardly-depending pcrton of the PTFE on the nner su*1ace o* the separato- prcvices a seai 
20 shield m siot 174 (FIGURE 38). against movemen: of ccctroiylc or cicctr city from arede mix 20 wrojgr sict 174 arc . 
to the cathode current collector or the cathode can 

[0233] The rolling of the PTFE cpstaneing free ecge region can. .n theory, ce done any time after tne air cathode 
assembly is formed The preferred sequencing is to roll the PTFE tree ecge shortly after removing tne assembled air 
cathode from tne stack of roils 90. 

2S [0234] Top and bottom rings 76. 76. respectively, of a solution of a sea composition of e g oitumen and toluene are 
applied to the PT=E diffusion member such as by painting on of the composition, m areas of the diffusion member 
which are to be compressed by bottom seal groove 122 (FIGURES 2i -23) or 130 (FIGURES 3A. 24); ano top seal 
groove 176 (FIGURE 3B) or 130 (FIGURE 30). Rings 76. 78 are generally positioned where cnmpirg seal force will 
be applied to them such as at seaJ grooves 102. 130 176 Typical positions of rings 76. 78 are illustrated m FIGURES 

30 3 A. 38 13. and 16. The bitumen rings dry to a tacky, non-sm earing consistency in a fewmnutes at ambient temperature, 
and serve as seai rings oetween tne diffusion member and inner surface of cathode can stoe wail 39 at the top anc 
bottom seal grooves, or at inner surfaces oi other corresponding top and bottom closure members of the ecu 
[0235] Longitudinal and transverse cross-sections of re completed air cathode assembly are illustrated generally 
m C IGURES 16 and 17 tnougn without illustrating tne careen catalyst (as at FIGURES 3A. 38) m perforations 56. 

05 [0236] In some embodiments, once the leading edge of the =TFE strip has Deen secured :n tne ntp at roll 92A. a 
modest level of tension can be applied on tne strip, thereby to enable the above descnoea reduction m the thickness 
of diffusion memoer 36. Oy stretch rig when desired 

[0237] The making of cylindrical air cathode assemblies has oeen described above. a*Kf such cylindiical an cathece 
assembly m illustrated m FIGURE 13. in the finished air catnode assembly, the combination of inner surface 50 of 
40 current collector 32 and the adjacent innermost surface cf catayst 34 represents the rrner surface of the air cathece 
assemoly. 

[0238] As with work piece 98 ol active carbon catalyst 34. diffusion member 36 can be joined into the cathode as- 
sembly by using the alternate apparatus and methods illustrated in FIGURE 1 4A. The same or similar pressures apply 
as are used with stack 90 to join the PTFE web to tne actrve ca*oon catalyst. The number ol layers of PTFE apptiea 
45 is typically not affected by the choice of using apparatus of FIGURE 14A. 

[0239] Irrespective of fte apparatus used to join the PTFE strip into the catnode assembly, mat of FIGURE 1 4. that 
of FIGURE 14A, or other apparatus (not snown) : a further option for the PT=E web is mat tne PTFE web not exteno 
the recited e.g. 125 *ich past the edge of the current collector. Rather m some embodiments, the respective edge ol 
the PTFE sinp corresponds with, and overlies, the respective ecge of the current collector. 

so 

CATHODE CAN 

[0240] Cathode can 29 generally comprehends an exo-skeietai structure of cell 10. which provides much of the 
physical structural strength of the ceil The cathode can is positioned ourwarcly of the anode, including outwardly ol 
55 anode mix 20. outwardly of anode curreni collector 22. and also outwardly of cathode assembly 26. The cathode can 
is similarly disposed outwardly of grommei 13 about the circumference i the cell. Thus, cathode can 28 lunctions to 
encase, and to generally enclose, various elements inside cell 1C. 

[0241] The cathode can provides physcal structural support to ; and protects, air catnode 26, as well as other ele- 
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~ents irsics cell 10 For examcie the cathode car orovioes crystcai s:ac:-.*a orotecner. to grc->~*e: "c acc*.: :-e 
crcumference of .he ceil Cathode can 28 and to seme aegree mr z'dir.cz e assency 26 a.na seea:a;cr '5 rcvice 
physical suDCcn to. and structural protection fo?. anode mix 20 

[0242] Catnode car. 28. >n combination, wilh other e.emerts. secures ctrer e:emerts :- ;:ace t :ne cei:. :rus :c ' x 
5 :re uxiaposmonof vane u sen esol *ne elements cftre cell m t-reracD.'scraie eositicrs!or erccer lure: cr.:rco*:heceii 
[0240] 9*/ means of atr ports 38. cathode can 23 adm-ts catnoeic oxygen ~:o :.ne ceif ac:acer.t a:' catnoce assemoiv 
26 :nerscy to provide the catnodic eiectroactive cxyger. wmcn u.t.r-aie'y reacts at ire cat.noae to or^vae :re -ycrciy 
icrs consunec in the arode 

[0244] C3Pocc can 25 i s faccated from a s-ngio piece cf snset mcta. ? r cf arrec -ctai s-^cet ■ s a *cc- aycr s:r -c:-r-c 
*-o ravng a core iaye- c* ccta roi.eo stse> (CPS) arc outward y cisccsec avers of r.:cne- cr. ccccstrc s:aas c! re C-S 
core iayer 

[0245] The general cylindrical snape of cat-node can 28 is faonca:ed ( js:ng erawing or drawing ana ;ror:r.g sieos 
performed on metals tempered and ctnerwise faoncatec tn known manner :o nave stuaDle crawirg. or drawing anc 
ironing properties. Such materials can be oolaineo from Thomas Sieel Strip Ccroorauon. Warren Ohio JSA 
'5 [0246] Strength anc sucti ity are important physical characteristics of the cathode can Drawn, cr cr?»wn arc iro-neo. 
cathode cans may be formed of virtually any metal that is plated, clad, cr otherwise coated. with acoroo-sate -stai. 
such appropriate metal having a hydrogen overvoitage similar to that cf the cathoce. ana being .rscMiole creterabiy 
generally inert, in the presence of the electrolyte, e.g. alkaline eectroiyte, or when otherwise exposea to a .mgn a- 
environment 

23 [0247] The cathode can may be formed entirety of a metal or a«loy navir.g a hydrogen overvonagc similar tc :nat o' 
re cathode fas opposed to plating or cladding the can) so long as sufficient strength and ducM:ty are available from 
ire material selected. Mater ais in addition to nickel navirg sucn nyorogen overvoitage properties, include, tor exarrp:e 
and without limitation, stainless steel, palladium silver platinum, and gold: Such matanais can ba coated as one or 
more coating layers onto tne core layer by. for example, plating, cladding or ether application process. The ones ot 

25 such materials oroviding sufficient strength and ductility can also be useo as smgte layer materials <n place of the 
composite structure which comprehends CRS or other suitable material as a coie layer 

[0248] Steel strip plated with nickel and nickel alloy is generally used because of cos: considerations, ana because 
pre -plated, or ciaa steel strtp : which generally require no post-ptating processes are commercially available The 
metal in the can must be both ductile enough to withstand ihe drawing orocess. and strong and rigid encugh. to tolerate 

^0 and otherwise withstand the cell chmpmg and closure process as well as to provide primary overall structural strength 
to the cell during smpment of the cell to market,, andduring the contemplated use life ot the cell 
[0249] Cathode cars, for example can be made of coid-roiicd steel stated with nickct. Cathode cans may aiso be 
formeo from cold-rolled mild steel, with preferably at least the nside pontons of the cans berg sucsequeniy pos; 
plated with nickel. Otner examolesof materials for cathode cans include mckeKlad stainless steel; mckei-piated stain- 

05 lass steel; INCONEL (a non-magnetic alloy of nic<ei); pure nickel with minor alloying elements (e g. NICKEL 200 anc 
related family of NICKEL 200 alloys such as NICKEL 201 . etc.). all available from Huntington Alleys, a division o* INCO. 
Huntington, West Virginia USA Some noble metals may also fine use as ptatmg, ciaodmg, or otner coating for can 
metals, including covering steel st no plated with nckel. and mild steel s:np subsequently slated witn mcke> aftei fab- 
ricating tne can. 

*o [02S0] Where multiple layers are used. e.g. CRS coated on opposing sides with nickel, the invention contemoiates 
additional e g. fourth, fifth, etc. layers, either between the nickel and CRS. or with a nickel layer between tne CPS and 
the additional fayer(s) For example, gold, platinum, palladium, or other excellent electrical conductor can be deposited 
on some or all ot the outer surface of the cathode can (outside the nickel layer) after the can is drawn, or drawn and 
ironed. As an alternative, such fourth etc layer can be for example, a oond-ennancinq iayer between the CRS anc 

45 the nickel 

[02S 1 ] Where the can is fabricated using a typical raw material structure of 
.'Nt/CRS/Nl/ 

as the shea structure, such sheet structure is preforaoly about Of 0 inch thick with a thickness range of about .006 
inch to about .020 inch, and a preferred range of about .008 inch tc about .014 inch In such embodiments, each ol 
50 the nickel layers represents about 2% to *bout 10%. preferably about 3% to about 7%, more preferably about 4% to 
about 6%.. most preferably about ffV of the overai thickness of the metal sheet in such 3-layer struct jre. 
[0252] Cathode can 28 includes oottom wall 37. and side wail 39 extending upwardly from bottom wall 37 Given the 
above noted Drawing, or drawing and ironing process used in making can 28, the tnickness of bottom wail 37 is typically, 
but not necessariry. aoout 80% of the thickness of the raw sheet mater at from wnicn :he can was fabricated Thus, 
where the raw sheet material from which the can was fabricated was C10 inch thicx the thickness of :he bottom wall 
of a can made from such sheet materal is typically about .008 inch 

[0253] Similarly, the thickness ot see w3il 39 is aoout 50% f the thickness of the raw sheet material from whicn the 
can was fabricated. Thus, where the raw sheet material from which the can was fabricated was .010 incn thick, the 
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tr 'cci s ss ci the s:de wail of a car made from sucr. sheet material is rypicaily aecut COS i^cn 
CATHCOE CAN SIDE WALL 

> [0254] After the basic shape anc structure o: tne can a r e fcr-.sc cy c rawing, or c raving arc :rerir.g. or otrer Jaor*- 
cat io.". process, the finishing steos are oerfcrmec on tne sioe wall arc tr.e eottom waif Aeccrcrgiy, air certs 36 are 
formes :n see wall 39. ?or the illustrated size 'AA' cell, aeout 4C0 air ports 35 are pre'eraoiy fcrnrea cy eg aser 
piercing s;ae wall 39 at everly soaced locations, m a pattern generally ever.ty otstr:outtr.g:re zir sorts over rat co-:;cr 
of s:oe wai: 39 wmcn >s sisscsea oopos.te the react:on sjrtacc of trc catroco asscrreiy n :nc f "-cnec ecu * 3 Wncrc 

ro 400 air corts are -sea eacn air pon is e g 315 ncn .-cminai oamete." wir a D'e'e-ea range of aoou: CtO -nci tc 
about 025 men 

[0255] Larger or smaller numoers of air ports can oe used cepenc:ng on the use which is excectec :c 5e "race of 
the ceil. A larger numoer of relatively smaller air ports is preferred wrere greater limiting current is oesueo arc wnere 
moisiure vapor novemenl into or out of the cell s to 3e suppressed Where the number of air oor.s is greater man 
is 400. tne average si/e of the atr ports is preferably recuced m order :o ^void excessive evaooration of siec:ro>yre ou: 
of the cell, or ingress of moisture vapor ntc the cell, in ger.erai. as the sizes o! tne air sorts are recucee. the overall 
ooen area cf ail air pons 38 taken in combination, can oe reduced without reducing the limiting current of the ceil cut 
beneficially reducing tne overall rate of evaporation cf electrolyte vapor from the cell or ingress of moisture vaoo' irts 
the ceil. 

20 [0256] Where the numbc* of a* pons ts less than 400. the average sue of tne air ports is increased, in order to 
compensate for the smaller number of air pons, ano thus to provide sufficient oxygen at the reaction sites on the air 
' cathode to sustain the desired levei of eiectrcai oower oroduction. ir general, as the sizes of tne atr corts are increased 
and the number of air ports is decreased, the ove-ail open area ol ail the air ports 3d. taken m combination, should be 
increased m order tc maintain the limiting current of tne cell. However, tne overall rate of evaporation of electrolyte 

2S vapor from the cell generally increases as the overall open area of ail air oorts increases Thus the decision regarong 
the number of an ports and the sizes of the air potts, balances the anticipatec eiectioiyte evaooration rate against 
such factors as cell limning current. 

[0257] Using laser piercing technology, sir pons can generally be any size desired, from a low of aoout 001 nch uo 
10 aoout 025 inch, or more. The lower end of the range is generally estaolisned by (i) the higher cost of making a larger 

30 number of smaller air ports, and (ii) the practical limit of laser technology to effectively make perforations m metal sheet 
wherein the cross -section (diameter) of the air port so made is less man the thickness of tne natenai so perforated 
While such tower pon diamctcr/matcnai thickness rato perforations can oe made tne cost., precision, rcocataomty. 
and other factors generally discourage making such perforations at tne tower end of the range Accordingly, oref erred 
lower end of the range of sizes for air pons is about .003 men. more preferaoiy aoout 005 men, and most preferably 

5$ about COS inch. The most preferred range is. as stated above, about 010 inch to about 0.025 men. 

[0256] Larger air sons are cheaper and easier to make than smaller air ports. The upper end ol the range of sizes 
of air pons 33. with corresoonding reduction m tne number of air pons. <s generally de'med ir terms of at least three 
facto* s Pirst. theie is the risk that the an pons may obviate the side wall continuing to piovioe its normal functions of 
structural support protection of the air cathece assembly, and the like, as larger openings are maoe in the see wall 

*o of the can. 

[0259] Second, a smaller number of air pons places greater reliance on lateral distribution of cathodic oxygen to 
those portions of the reaction surface of catalyst 34 which are laterally cispiaced from the air pons. As the number of 
air ports cecreases without corresponding increase in the sizes of the air pons, the distance between any two of the 
remaining air ports is increased, whereby there is increased requirement for lateral transport ol oxygen entering the 
45 cell at the respective air pons, and transport from the respective air pons to areas of the reaction surtace displaced 
from tne respective air port but still further displaced from any other of the air pons 

[0260] Third, the smaller number of air pons generally requires that the inOivoual air pons on average, be larger 
than when a larger number of air ports is usect whereby the potential for vapor loss, or gain through pons 38. increases 
as the number of mr pons is decreased 
50 [0261] in general, where the st7e of the air port exceeds about 050 the sire of the air port also admits of passage 
of a w»de variety of foreign oojects into the cell through the respective air pons. Accordingly, atr pons larger tnan about . 
060 inch are generally not used in ceils of the "AA" size. Preferred air ports are ro larger than about .050 men. More 
preferred air oorts are no largerthan about .040 inch, while air ports as low as 030 are oref erred for some embod-ments. 
The most preferred air ports, for 'AA' size cells, have cross-sections equivalent to openings about 010 men to about . 
025 inch diameter. 

[0262] It will be appreciated that the smaller the air port., the greater the variations in the dimensional unit rmiiy t 
the cross-sections t the open areas defined by sucn air pons. While discussion here generally addresses circular 
openings, the cross -sect ions of the openings is greatly influenced by the methods, and fabrication c ntrois. used in 
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faoncatmg sucn air pons Accorangly, a wide variety of cross-secttcrs are contemc-aieo fo* air ocns 3c esseca: y 
ire smaller ai* oons herein :ne feas-bihiy o>" ccn.roihrg l?e cross-sec. :cr wnen d son s acr c<ateo .eras re ess 
precise as part si7e decreases Sonne of such coss-sectons will ce faencared ^.tenona y C:".e*s of s-c- :.*css- 
sections are cross -sections necessar-y ioiiowirg *"om ire oroc esses usso :c -rake sucn ai.* sens 
5 (0263) deferring to FIGURES 13 arc 30. stoc groove i02 s fo-meo t see waii 39 of :re :at.noce ca* cy -jrzi-.z a 
forming tool against \ he side wall at a suitad'e locettcc! and routing trie car trvjs to omg tre srt:re c: re reference o* 
the cathode can into forming contact w-th re 'crrrng tooi A sucabiy-snareo mancre> fo: snowr; -s ore'eraoiy jse; 
to sjcc-ort the mside surface of the sioe wall across f*cm :ne forming tool :h-s :o assist tne fc:rr:ng tool n '53 seating 
tPo stop groove 

•3 [0264] =*efa'r:ng :c r: GJP£ 15. stop groove '02 crcvioes a lacge 1C* wncr. -ece;ves a-c ac*:s agams: a ccr*e- 
sponcmg step ICS {FIGURE 3B) n tne ciameier 0* gromrret :3 

CATHOOE CAN BOTTOM WAL. 

'S [026S] Tne above-noted crowing, or drawing ^nd ironing, o- otrer can faoncat on orocess. orccucas * car.oce car 
ore-lorm. illustrated in FIGURE 19. having the basic snape and structure reoresentative of the fmisnsc catrode can 
Side wall 39 has been formed to its full height. Bottom wall 37 is flat Between octtom portions of the s oe wall 
[0266) The cotton and side walls of the pre*torm are then furher worked to orovioe tne desired finished structure 
of oottom wall 37. The air pons describee earlier are preteraoiy faoncated ir sice wall 39 before such turner worKirg 

20 However, to tne extent tabncation ol the air ports is compatible witn 31* port faoncalon after certain wcrK-ng of the 
bortom and side waits, such sequencing is acceptable 

[0267] As illustrated m FIGURES 20-28. in a variety of embodiments of cells of the invention. certa.n working or 
supoort of bottom wall 37 cooperates with corresponding working or supoon of the ower portion cf see wall 39 or 
certain working or support of the lower portion ot side wail 39 coooerates 'with corresponding working or support of 

& bortom wall 37. m producing the finished structure at the bottom of the cat node can 

[02M] FIGURE 20 presents fuither wot king of the bottom wall of FIGURE "9 by a Arming process illus;;ated m 
FIGURE 20A. FIGURE 20 illustrates a central elevated platform 1C8. and dowrwaroly depenoing inner wall 11 3 ex- 
tending from platform 108 to the lowest extremity 11 2 of the bottom wall, inner wall M0 and tne Icwer portion 1 u of 
sice wail 39. in combination, define a recessed annular slot 116 at the base of the can preform. 

30 [0269] Referring to FIGURE 20A. the can pre -form of FIGURE 19 is placed on a hollow cyiinoncal tower toot r3 
Tooi 11 3 is rigidly mounted to an underlying support (not shown). Bottom wall 37 of the p re-form is disocsed jowaroly 
The open cno of tne pro-form is disposed m a downward direction. An upper tool 11 5 advances aownwaroty against 
bortom wail 37 as shown by arrow 117 As uoper tool 115 advances down. too. 115 pjshes bottom wall 37 trto the 
open central portion of lower tool 11 3. Correspondingly, see wall 39 is drawn upward :y toward the cotton wa;t as 

ss suggested by arrows 119. Tool 115 is advanced a predetermined distance., then stopped Tool 115 generally does not 
abut tool 113. not even through bottom wall 37, but rather operates mstde tne walls of tool 11 3. 
[0270] The overall result of the advance of tool 115 : against the fixed support of can 28 by tool 113. is inward defor- 
mation of bottom wall 37 tc foim platform 108 and slot 1 16 Platform 108 ano slot 1 1S. and dewnwatd-rnost movement 
of tool 115. are illustrated in dasned outline in FIGURE 20A. 

*o [0271 ] After formation of slot 116. air cathode assembly 26 is insertec into tne slot, as illustrated in dashed outline 
in FIGURE 20 When the air cathode assembly is disposed in slot MS. inner surface 60 ot current collector 32. at 
imperforate bottom edge portion 44, is disposed against the nickel layer on the corresponding interior surface 119 of 
wall 110. See also FIGURE 3A 

[0272] The facing surfaces 60 and 118 torm tne contact surfaces whereby electrical energy transported to and from 
45 the air cathode assembly is transferred to and from cathode can 28 in order to implement such energy transfer, the 
contact surfaces 60, 118 are brought into intimate eiectrcai contact with eacn other m such manner as to maintain 
such intimate contact throughout the life 0/ the cell. Such intimate contact is generally developed oy urging surfaces 
60.. 118 toward each other, either directly or indirectly. 

[0273] Referring to FIGURE 21 . a forming tool (not shown) is inserted into the opening 120 above ex.remuy 11 2 ana 
so below platform 106 The formng tool is turned about the circumference of inner wall 110. at tne too cf the inner wali 
and preteraoly against a supporting tool on the outer surface of lower portion 11 4 of side wall 39. thus to urge interior 
surface 1 18 of inner wall 110 against surface 60 of the current collector. As interior surface 1 id is urged against surface 
60. a bottom seal groove 122 is formed in inner wall 110. The recited forming of bottom seal groove 122 urges surface 
118 ot wall 110 into forced contact with inner surface 60 of current collector 32 thus to make the desireo intimate 
ss physical and electrical contact. 

[0274] in the alternative, instead of the forming tool being turned aoout the circumference cf tne can, groove 122 
can be made by holding the formrg tool stationary ano turning the circumference of inner wal M0 about the forming 
tool 
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[0275] in acdrron to estabi:sned electrcai contact with tr.e current collector ;ne forcing of ,r.*er *at' ' t :• aga r$: tre 
air cathode irus crimomg mner wall 1 1 . 3 agams. .ne air ca.noce cssem=iy atsc traes or cinerwise lues iie -si' caircoe 
flssensry m ts specked especially longitud^ai assenoiea ocsaicn :.n :r.& ce.i as wet generally ae*\r. ng its acs;::cr 
win -esoec: to the remain ng etements ot ne cell ir aociiicn tne z: -o:rg o' imer 'Aai; "C agairs; the a:* latrooe 
5 assemoiy also urges the air catnoae asserrciy aga<nst the tower ccncn r 4 of sice wa-i 39 ; n js cos.ng of any !ree 
pa:n of travel for escaoeof eiectroyte from tne cell tnroi-gn slot 11 5. ;: rav oe nc:ec cy ecrroa-tng F GURE5 SCanc 
2: tnat ;mer wal; nOaf FIGURE 2" nas a iower heignt :nan tre corresoonc ng wail 11C cf = iG'JPE 20 The neigrt ot 
su:n wail '10 is thus adjusted depenom.g on tne jitimate corSgu*aton art:c.pated ; or tre oonom structure cf the 
catroce can 

'i [0276] FIGURE 22 frustrates a oottcm structj'e ruc^ ! kq :ne structure c! FIGURE 21 Cj; wen a r gne: .-signi 'or 
mrerwall *1C between the lowest extr err ity 11 2 an 0 clarfenm T03. an 2 wherein bottom seal groove 122 :s irterr-.eciate 
ire usper and lower ends erf wall 1 1 C. The advantage ct tne emooaimert of FIGURE 22 is that a wiser variety c? terming 
tools can ce usee to faorcate bottom seal groove 122. The 'espec::ve aovaniags of the emodixent of F GURE 21 
is thai me height of irnerwall 1 1 0 and Ihus of opening 1 20. is smaller than in FIGURE 22. whereoy ihe iengmoi anoce 

'5 cavrty 137 and th9 respective contained volume inside the completed cei- 1C 5 are ccrresponcmgiy nc -eased "he 
increased contained vc:ume can be filled with add tional anode mix 20 thus croviong 3 potentially longer cycle life r 
the cell of =IGURE 21 compared to the ee l of FIGURE 22. 

[0277] FIGURE 23 shows another embodiment derived from the eneodimen: ot FIGURE 22. in FIGURE 23. anc 
after faoncation ot bottom seal groove 1 22, olatform 108 ol FIGURE 22 has been urged downwardly such that bottom 

20 surface 124 of platform 106 ;s at tne same height as bottom su*1acc 1 26 of extremity 112. The result s a contamco 
volume, inside tne completed cell., even greater than the contained volume ol the embodiment of FIGURE 2' 
[0278] Referring back to FIGURE 19. F GU RE 24 represents an enoodiment wherein no runner taorcation =s done 
to the bottom ot the can prior to inserting the air cathode assembly into tne can Rather '.he air cathode assemoiy is 
inseneo into the can snowr in FIGURE 19. Next a conductive inner plug 128 for example in the snape of a disc, is 

25 msertec into tne can, inwardly ot, and juxtaposed ciosely adjacent, the msice surface of the current collector Sucn 
conductive inner plug 1 28 can be for exa/npo. nickel plated cold 1 oiled steel. 01 any of the othe» matenais recited for 
use in fabricating the cathode can. Plug 128 can a ,2 oe formed from a nonconductive substrate such as a suitably 
hard plastic, suitably coated wrtn a conductive material such as nickel. 

[0279] A wide variety of shapes can be used for plug 129 so long as the respective plug provides suitable electrical 
10 contact, and suitable physical support to fixedly nold and secure the cathode assembly aganst the catnode can or 
other botton closure memoer at the bottom of the cell. 

[0280] A forming tool (net shown) is urgod against the outer surface of lower oortion 11 4 of side wan 39 Tne forming 
tool is turned about tne circjmference of side wall 39 against plug 128 thereby forming bottom seal groove 130 anc 
establishing electrical contact between the current collector and plug 128. Accordingly, piug t29 must oe suitably ngic 

35 and otherwise resistant to deformation about its circumferential edge to accommoeate format on of groove 1 X. 

[0281] m the embodiment shown in FIGURE 24 the entire area of the bottom surface of olug 1 28 is in surface-to- 
surface contact with the top surface of oortom wall 37, thereby estaotisnrg effective e;ec!rtcai contact between plug 
1 28 and bottom wall 37 Thus, plug 128 piovdes a path for flow of electuary between cuirent coliectot 32 and can 29 
Bottom wait 98 of the cathode can can have a wide variety of configurations so long as plug 1 26 is property supponeo 

*o for formation of seal groove 1 20. 

[0282] As n the previous embodiments, such turning at lower portion 114 can comprise either making the can sta- 
tionary and moving the tool, or making the tool stationary and rotating the can. Rotating the can agams; a stationary 
tool is preferred, in any event bottom seal groove 130 performs generally the same functions as bead 122. 
[0283] Thus, in addition to establishing eiectncai contact between current collector 32 and piug 128. the forcing ot 

4$ side wall 39 agarst the plug, thus crimping side wail 39 against the plug, also traps or otherwise 'ixes the air catnoae 
assembly r its specified position wttn respect to the remaining elements of me cell In addition, the enmptng of see 
wall 39 against the air cathode assembly and thus against olug 1 28. closes off any free path of travel for escape of 
electrolyte from tha cell past pJug > 28 and around the lower end of the current collector. 

[0284] FIGURE 25 represents a further embooimenl of fabricating the ootlom of the can prior 10 inserting the air 
JO cathode assembly into the can in the embodiment of FIGURE 25 : an outwardly domed forming tool is urged agams: 
the outer surface of the bottom of the can. forming the illustrated upwardly-shaped dome n bottom wall 37. The resulting 
opening 120 is defined by an upwardly typically spherically, curved surface wherein the curvature of inner wail 110 
merges into central platform 109. thereby to form slot 1 16 between inner wall 1 1Q and lower portion 1 H ot side wall 39. 
[0285] Air cathode assembly 26 is then inserted :nto the can. with the inner surface of bonom edge porton 44 of the 
ss current collector juxtaposed against inner wall 110 A downwardly domed forming tool generally -eflectingsuostantially 
the tun transversa cross-section ot the interior 01 the can. is then preferably but n 1 necessarily urged aqainst the inner 
surface ot platform 108. forming the platf rm downwardly as shown in FIGURE 26 and correspondingly urging the 
outer portions ot the outer surface ot ptatform 108 toward inner wall 1 10. thus to form an acute angle a with inner wall 
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t:0 The -rgtng of :he cuter sorton of ptarorm t03 toward inner wan itC -rges ^.er wall i*C agarst :re caroce 
currert collector, ifius 10 form the aoove -eciiea m.-maie eiecirice; an: orys.ca ;oriac. beiweer -re' "Cd-ad' 
cathode assembly 26 

[0286] FIGURE 27 reoreser.ts a stbseouent s:eo being oer1cr:ea on re emoos:rre-.! o 1 . c G^-E 26 =efer*Tg 
s ? GwPE 26 a forming too (not snown) is urged aga=-nst tne lower pert en ri o* siae v/aii 33 ?cr-*irg a w:ce ocitcrr 
sea; groove 130W. Wice bottom seal groove 130W further soiicifies anc ra*es certain tie e;ectrca ana cnys;ca 
contact effected by the downwardly oirected forming step usee to arr ve at the ooncrr wa.s st-jctyre snowr tr :: Gw?.E 
26 Wide ocnom seal groove 130 also further ennances tne oororr sea oetweer the cattooe can arc tne ar catroce 
asscrory 

o [0287] FIGURE 23 rgoreser.ts sntl another grnoocimsr: of bottom wan structure wn cn ;s oe^veo f-cr*. trg er-ccC-~6-t 
of FiGURE 20 After tne :atnode can is fornec as m F IGURE 21 a torm ng tool ' 32. mcjr.tec on e ; sna't : 34 s 
urged against tre lower portion 114 of s;de wa:J 39. Forming tool 132 operates aga-nst tne sjpoort of oa:K-uo tcci ' 36 
which is ;ocatec inside, and substantially fills, the cross-sect on o: ooening 1 20. The resut of tne corroireo ooerat:cn 
of :oois 1 32 1 36 is to lorm wide bollom seal groove 1 30W. The : abricauor of wide oottom seal groove * 33W cy j.-gmg 

rs lower port on 114 of side wall 39 against inner wall ro witn the backup of tool 1 36 m osace as snowr. esser,t;ai y 
crimps wall portions 1H and HO against eacn oner over greater than 50%. for examoie. 75%. of *ne ^e:gnt o: r.-.er 
wail HO. Namely, the air cathoae assemoiy. esoeciaily the contact oort.on cf the cathode currert collector s urgeo 
directly against inner wall r 0. thus further solidifying and making certain tne electrical and pnys.cal co.-. tacts initiates 
by tne forming steo used to form platform 108 and inner wall 110 as at = -GURS 20A. to flat and ver.cai conditiors 

20 respectively. 

[0288] Certain pats of the wormng of ooflom wal 37 are done before cell assembly and certain other oarts are cone 
curing cell assembly The parts of the working oi the bortom wait of the can wrven are oone before cell asssmciy car 
be done either before or after fabrication of air dots 38 



2$ THE SEPARATOR 

[0289] Separator 16 is positioned generally between air cathode assembly 26 and anooe mix 20 Separator 16. n 
combination with ocnom wall 99 of tne cathode canard grom met 15. thus defines anoce cavity 137 (FIGURE 32) "he 
overall function of the separator is to maintain physical and electrical separation berween anode ma 20. m tne arooe 
50 cavity, and the air cathode assembly. While maintaining the recited physical and electrical separation, separator 1 6 is 
required to enable facile passage oi electrolyte, esoecially hydroxy! ions, therethrough between tne anode cavity ana 
the air cathode assembly. 

[0290] Suitable material* for making separator 1 6 are. for example, a lightly woven nylon web a microporous ociy- 
propyiene web, a nonwoven polypropylene weo or a cefluiosic weo. The separator can oe coated with a s j*tabte ion 

35 exchange resin. An exemplary material is Acropcr NFWA from Geiman Sciences, a resin-coated woven nylon cloth, 
in addition. 3ny separator material Known to be suitable tor use in an alkaline Zn/MnC 2 ceil can be usee m cells of the 
invention, so long as tne resulting separator has suitable porosity to oass Sieciroiyte ana hyaroxyi ons wnne oemg 
generally impervious to passage of anode material and electric cui rent Ingeneial. pi ef err ed separate* wedsaiecoated 
on at ieast one surface with at least one of a number of well-known ion exchange resins. 

40 [0291 ] The parent web from which the separator is ultimately faoncated is generally about .001 >nch to about .005 
inch thick, with preferred thickness of about 002 inch or about .003 inch. Such thicknesses and materials are wed 
known in the art. Any separator material, of any thickness, generally known for use m alkaline electrochemical ceils, 
can be used in cells of the invention. 

[0292] individual5eparators16arefabrcatedbycuningapproonate sized, e.g. rectangular, work pieces from a larger 
45 parent web. Such work pieces are sized such that a length or height dimension of the seoarator can extend from the 
bottom of the cathode cm. above slot US, (FIGURE 3A) to generally me too of ihe cathode current collector (FIGURE 
3B). Width of the separator work piece is sufficiently greal to extend adojt 1 .25 to about 1 .5 times arouno the circum- 
ference ol the triftbe surface of the air cathode assemoiy. 

[0293] During cell assembly, separator 16 is posilbned against the air cathode assembly, preferably m surface-to- 
so surface relat bnship with the air cathode assembly over the entirery of thai portion of the inner surface of the air catnoce 
assembly which extends above slot 116. 

[0294] In generally preferred embodiments, the separator is not adhered or otherwise bonded to ihe air cathoae 
assemoiy. Experiments have shown that cells fabricated with the separator unoonded to the air cathode assembly 
produce greater closed circuit voltage than cells fabrtcateo with the separator bonded to the air cathode assembly by 
ss e.g. an adhesive which isa combination of carboxymethyl cellulose and polyvinyl acetate, or the like. Thus, the inventors 
contemplate thai normally-used adhesive may interfere witn m vement of the reacting ions n the cell especially ai 
high rate demand levels. 

[0295] Accordingly, in assembling a separator work piece into a cell, the separator work piece is generally formeo 
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n:o a cylindrical sr.aoe wit- side edges ove-iacoea >e cynr.cn^ysraoea worn piece s ;nserea -:c :-e cavty 
ce neo inside air cainode assembly 25. and ooi ona ly ms ce ir.e cair oce can o-eleraciy w.irojt =:ac:-g d ny scr-es «e 
on ne separator lor bonding me separator to me camcde assemciy 7-ia seoa-a-.O" wo< piece <s men -e easec :ns.aa 
-e air cathode assembly. The natural resdierce of me separate wor< 3 ece ma;e'i3: causes me wk oece :c exoarc 

i ou:waroiy against the inner surface of ;he currer: collector "-e pa:ya -esn.erce =.' r.e separator w 0 r» cece :-e- 
rods me seoaraior work ciece .n p>ace *n»e accrana eierrents c* me ce are irsai ea arc secu-ea ;r m.e ceil 
[0296] Cr me other ranc, if a gas bubble snc-io accural separator :S. sucr as se:weer seoa:a:cr --6 arcair camcce 
ssser.cty 26. me eel! output rate s rsduceo at nigh rate oe^anos. arc me overall ceil zu'.zs. at r.g- -ate .s reouceo 
Accorcir.giy n sor-.e 9nocdirren:s wnerc ngn rate corranc ;s not a ccrtrc-mrg ssjc. mc scpara:o: car. sc ac-c-ec 

•■o :o r.e camooe c-.-rent collector 

TrE 30TTCM ISOLATION CUP 

[0297] As illustrated m rISUflE 3A. a bollom seal merrber such as tollcrr nation cuo : 42 can oe aispcseo cr 
tne oonom ol the anode cavity n surface-to-surface -eiat onsh.p with me oottom wall of catnode car 23. between tne 
positively-charged bottom wall and the negatrve.y-rmargec anode material. Cup '42 -as a bottom wail 144 ciscosec 
against central platform 108 of bottom wail 37 of the can. and a side wail 146 extending upward* !ro-n eottom wai 
1 u ano engaging against the inner surface of separator 16. 

[0298] Side wal 146 of isolation cup 142 is formed while being inserted ir;o the anooe cavty by pushing an appro- 
20 priatdy-siecd c.rclc of material through a lorm.ng tube {.net shown, using a punch (rot snown) wn.cn closely aporoaencs 
the ouilme of me in-ier surface of :he torrnng tube and the separator in me cell, "he isolation cup is thjs formeo as 
part of me process of me circle ot resilient* deformaoie materal being cusned oirectly into the ancoe cavity of the cell, 
inside separator 1 6 Side wall 1 46 is thus formed and tnereoy engaged against separator 1 6 by the process of terming 
and placing isolation cup 142. in addition, me tormmg ano plac.ng of isolation cup 142 by me punch and forrrmg tube 
25 ijitnar urges separator 16 outwardly against air camode assembly 26. meredy funner assuring proper expansion ol 
the sepaiatoi against the air cathode assembly 

[0299] The function of isolation cup 1 42. afier be.ng placed and positioned <n the cell. >s to serve as a piatfonr. for. 
and to assist in physically and electrical isolating me anode mix. in the anode cavity from bottom portiors of the 
cathode can For example, isolation cuo 142 is pnysically interposed between me anode mix and central oiatlorm 103 
M [0300] Isolation cup 1 42 can be made from any of the same materials, and m the same thicknesses, as can be usee 

to fabricate separator 16. , 
[0301] As .iiustratco in FIGURE 3A. the isolation cup is positoncd inwardly of separator is at. ano m surface to- 
surface relationship with, the bottom of can 28. In general, the iso&tion cup is paced in the can. inwardly of the sep- 
arator and at the bottom of the separator and the oonom of the can after me seoarator nas been positioned msice 
55 the air cathode assembly, in such arrangement of separator and isolation cup. the combination ol the separator anc 
isolation cup covers me entirety of the otnerwiso exposed surface area ot me camooe current collector 
[0302] The isolation cup and me separator form, Between mamsarvat, a pint 1 48 wnich extencs irom tne lop of siae 
wall 146 to -he bottom-most interface of separator 16 with side wall 1 46 adjacent bottom edge ISO of sepa-ator 16 
[03031 in an alternate structure (not shown), isolation cup 142 is inserted first .nto the anode cavrty. followed by 
insertion of separator 16. In such embodiment, side wail 1 46 of the isolation cup is disposed agtntt cathode assembly 
26 at cathode current collector 32. The tower edge of the seoaraior is at the upper surface of bottom wall 144 of the 
cuo The bottom portion of the separator ts in face-to-face relation to side wail -46. wh.ie the remainder of the outer 
s jrface of me separator ia in face-to-faee relation to the cathode assembly at current collector 32. 

BOTTOM SEAL 

[0304] As illustratad in e.g. FIGURE 3A. bottom seal 1 40 can be positoned over .solation cup 1 42 at and about ic.nt 
1 43 and up against separator 16 above joint 148. 

[03051 The function of bollom seal 1 40 in such embodimenl <s lo serve as a cap. and lo assisl in forming a boUom 
covering over th. bottom w»ll of the cathode can phy„ca»y and e.ectrca.ly isolating :he n **™**™*"™"* 
mot. i me anode cavity, from bottom portens of th. pos.tvefy<harged cathode 
physically interposed as a mass of material, perforate, and generally mpregnable to ^ 
moc 20 and isolation cup H2. between anode moc 20 and separator 1 6 at loc. above ,o.nt 148. and between anode mat 

w£ ^Bottom seal 1 40 is placed in the bottom of me cathode can after the a,r cathode assembly 
«*.eTmea,^ 

soiation cup has been installed. The separator and preferably any iso.ation cup. are « '^^^ °xZcZ 
element at nis stage of me assemb*. The separator is. ramer.heid in place py m. natural cyimdrcal restorative foxes 
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o* tre material from which tre separator work siece =s faertcaied oy tne fastest ve assst aco iea oy -soiatic c.-s • 42 
ana oy ine looting jsed lo nstall isclatcn cup U2. "he tsciauon cua :s re:s ;n cicce oy Uicv.cr oetweer s :e ^ : £6 
of cup U2. flr.d me senator, me f-ict:on being assocaiec wtr. restcranve forces m sice wail *46 
[0307] 3onom seal ' 40 can 3e oteced in oosit on at the bonom of tne ar.oce cavity r. either soi d cr usuid to-m Wher 

J piacea :r trie cavity m '.quid term a nozzle is irserteo :n:o :ne cavity ac ace~t 'ne ocrtorr c* the caviy anc tne :c~;c 
r^atena* is dispensed toward the o nom of the cav:ty. in creterrec ones z' sjcr emocorerts, tne car :s somntrc 
Curing sucn 2:spens;ng. to sreferaoiy distribute the seal Tatenai accut the oottcrr cf the cavity -needing accut tne 
entire circumference of pint 143. All the other elenents tn tie can at trat tirre are ger.e'atiy at amoient temperate 
wnereoy tre seal natoria. is rapicly cooleo. and soi<diftos in a snort tine. 

o [0308] "s 3'efQr*edemocc;mgnts. ne seal material s olacec m tr 9 ccr.orr cf tre catroae can m solid *zrr\. c:efsrac;y 
as a single ps;ie: of material When placed in the cavty in solid *om. ere or more soi z oeiiets cf tne seai mate^a 1 are 
oiaced m tie ooriom oi tne catnode can cavity Fo* a "AA" size cell aooL- 0 25 gram of sciic tsaymerc sea; nater-a. 
is sufficient to provide an er ectrve oottsm seal. . 

[0309] A healer can ther oe placed again si or adjacent the outside surface of the bol.om wall of .ne cathode can A 

j s suitable neater is a contact heater wnicn transfers neat to the can by concuctcr Alternatively, tne octtcm wan of the 
cathode can is heated by a radiant or hot air heater Further, a strean of e.g. ho: air can oe directec against the so ic 
seaiant pellet from mside the can. thus to melt and dist.-bute tne pellet For purposes of simplicity ard effectiveness 
a contact heater, such as a hot plate or the like, neatmg bottom wai: 37 ot the car is preferred. 
[0310] 8y whatever method, sufficient heat is transferred through tne bottom wall of tne cathode car to melt the 

20 pence of seal material, or is conveyed to the oeict in some other manner effective to melt the pellet The mcitca sca« 
rratenai flows as it melts, spreads out over the inner surface of the bottom of the cavity cefined inside the can, anc 
moves some distance up the sides of the separator FIGURE 29 is representative of a photcgrapn snowing sucn r- 
situ melted bottom seal materia) 140 after tne seal material has melted, nas cist routed itseif. including jp the see wall 
of tne can, without resorting to centrifugal force, and has re-sondifieo. Centrifugal force can oe used tc Distribute tne 

es melted material if desired 

[0311] In general, one oi theothei of the bottom isolation cup [FIGURE 2) or the bottom seal (FIGURES 2 --23. 27. 
29-30) are used as the bottom seal member m a given cell. Some embodiments use both tne tsoation cup and the 
bottom seal (FIGure 3A). When plug 123 is used, the plug takes on the electrical properties of the bottom wall, wnereoy 
isolation cup 142. o' seal 140 or both, are disposed between tne anode material and the plug. Thus, in these embod- 

30 iments. the plug functions as a oortion of bottom watt 37 

[0312] FIGURE 29 shows an embodiment wherein isolation cup 142 is not used F'GURE 3A illustrates the relation- 
ship or the sea) to tne isolation cup where the cup is used. As seen m FIGURE 3A tne isolation cup s aisooscd octwecr. 
bonom wall 37 and bottom seal 140 and covers the entire circumference ot the top of joint l 48 Thus., bottom seal * 40 
provides an additional barrier, e.g. at joint 148, to electrolyte traveling along the inner sjr'ace of tne separator down- 

j5 wardly around bottom edge 59 of the current collector, and the bottom eoge of tne diffusion member, and thence out 
of the ceil at an air port 38. A first darner is tne above recited crimp ot the can as at seal groove 1 30 or 1 30W at Mange 
138 against inner wall 110 througn current collector 32 and air diffusion member 36 A secona barrier is joint 14a 
between the separata and side wall 146 or isolation cup 1 42 The bottom seal 1 40 is thus a thirc bai net to elecnoiyte 
leakage at the bottom of the cell 

w [03t 3] Bonom seal 1 40 can be made from any polymeric material having suitable dielectric properties, having suitable 
chemical tolerance for the alkaline environment nside the cell, and having a melting temperature to accommodate 
placement and melting of the seal matenal m the cell without deleterious distortion of any of the other materials m the 
cathode can at the time the seal material is introduced into the can and distributed by heating 
[0314] As used herein, 'metting temperature' refers to that minimum temperaiure where the polymer as a whole is 

as subject to fluid flow. Such definition allows for unmelted included particles so long as the melt phase is the continuous 
phase. 

[0315] While no minimum melting temperature is contemplated, materials found to have the properties described 
above generally have melting temperatures of at least about 35C degrees F , for example linear low density polyethyl- 
ene. 

50 [0316] At the upper end of the range, melting temperatures are acceptaole in some embodiments up to about S50 
degrees F Above the recited upper end of 650 degrees F. . the heat required to melt the respective seal matenal causes 
deietenous affect on at least one other element present in the cathode can when the seal material is melted in the can 
[031 7] Thus, a wide vanety of thermoplastic materials such as polyolefin and olefin copolymer compositions can be 
used for bottom seal 140. There can be mentioned as specific examples of such materials, without limitation, the ow 

& density pory ethylenes, the ethylene vinyl acetates, the linear low density polyethylenes, mixtures and copolymers of 
tne ao ve matenais, ana the like. 
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r -£ ANCOE 

[0318] Anode 12 ncluces eiecroactive anoce m:x 2C. arc ^roce currer: collector 22 centrally cisocsec ^rc r 
mt-mits physical and e=ec:ncal con-act with :-ie anoce n« A.-cce curen; :c:;ec:c* 22 *s r^sia n cos nor. r, t-e cei! 
5 and ?s elect 'icaHy isolated *rcm trie catnoce. sy g'omrr.e: *6 

(0319) Tie arimary function of the ar.ode is :o react z-c metai witr rycrcxy: .y* s :c -rerecy ccauce electrons ac- 
cording to the anooe naif reaction the reactior corresoo^crgiy p-acucirg ztrc ox:as tecus c! such arcce react -cr 
is ntiaiiy located adjacent the air cathode assencly m a tresn un jsea cei! arc. as me cei- s usee tne ocus cf reaction 
"eves, genera y as a reaction front, frorr. tne region cf re camcce asscrrciy :owa # a :ne arocc curer: ccuector 

[0320) e !GUFE3:A titrates a cancf ma invent on after significant oisenarga anct^us :i'js::a:es :ns ge-.era nature 
c: tre movement o* -eaction tront 156 As seen r .-IGURe 31 A. tne :e;at:ve y :ess-censeiy svccieo arcae t.« mater a 
1 53. generally emanating nwardiy !rom air camcce assertoy 25. is reacted zinc cx:ae T?e relatively mcre-oe~se y 
st ooied anoce mix material 160 generally dspesed accut tne lewer ocrtior of me anoce cj.vert co:-ec:cr. s jnreactec 
zinc. 

TS 

T-E ANODE MIX 

[0321 ] in general, anode ma 20 can be any anode mix that \s Known 'or jse m a zinc eiectrocrenica! ceii o aerating 
m an aqueous alkaline environment, and esaecialiy any anode moc usee ;n an aikaine eel ma;udmg an a Kaime air 
20 dcaciar zed cell. 

[0322] in general, such anode mix includes aoout 25% by weight to a a out 45% by weight ootassium nydroxise, about 
55% by weignt to about 75% by weight paniculate z;nc ana suitable aaditives. Exemplary metal aadtrves induce 
bismutn. indium, cadmium lead. ano/or aluminum, as we-i as others known in tne art. n a crelerrea embodiment the 
aadrtrve package mc:udes lead, indium, and aluminum. The mourn is preferaoty present as mourn compounc n suf- 
2$ ticient fraction to enable increased rate ol elect rocnemtcai output of at east the anoce con on of the eiectrccnemicai 
ceil A preferred amount of indium tn the ndium compound rs about 0 02% by weight tc about 0 5% by weight oased 
on tne weignt of the particulate zinc. 

[0323] The aqueous potassium hyoroxce liquid contains aoout 30% by weight to about 40% by weight, preferably 
32.5% oy weight to about 37.5% oy weight. KOH. 

30 [0324] Th e anode mi x preferably also includes about 0.1% by weight to about 0 4% by weight of an organic surfactant 
comprising hydroxyethylcelluiose.. and may include from 0.C% up to about 12% by we-gm mercury, the percentages 
of the organic surfactant, and tne mercury where appropriate, being cased on the weight of the z»nc. The anode mix 
generally also contains about 0.1% by weight to about i 0% by weignr based on tne weignt ct the zinc, of a gelling 
agent, and zinc oxide in amount of aoout 1% oy weight to aoout 4% by weignt. preferably aoout 2% by weignt baseo 

J5 on tne wetgnt of tne ootassium hydroxide. 

[032S] Tne above anode mix ts prepared as follows. A dry solid aowder coating composition comprising ecua; 
amounts of organic surfactant, gelling agent, and MgO is a deed to a desired amount of particulate zinc, m amount of 
about 3% by weight coating composition to about 97% by weight particulate zinc, and mxeo m a coating ana mixing 
step to form a first dry-coated mixture of paniculate zinc and the coating composition. At that point, especially the 

*o organic surfactant and the gelling agent are coated on the surfaces of the zinc particles, but have .not yet. in general, 
been activated. 

[0326] The dry coated zinc mixture is then mixed 2 parts fresh uncoated zmc oarticles with 1 oart of the coated zinc 
particles mixture to form a second mixture of coated zinc panicles with uncoated zinc particles, whereby eac.n compo- 
nent ot me coating is then present at a concentration of aoout 0.33% by weiqm of the second mixture 

45 [0327] it will oe understood, of course, that some of the coating material will transfer from tne coated panicles to the 
uncoated particles during the mixing of coated ano uncoated panicles However, sucn transfer ooes not severely ad* 
versely detract from the benefits of using the combination of coated and uncoated zinc particles. 
[0328] indium compound, with or without other additives is then aaded to. and mixed with the second mixture :n 
me desired amount such as about 0.02% by weignt lo aboul 3 5% by weight indium in the indium compound, based 

53 on tne weight of the second mixture, to make a third dry mixture including the indium compound The th rd cry mixture 
includes {>) zinc oarticles coated with surfactant gelling agent, ano MgO. (;i) tne zinc particles added after me coating 
and mixing step, and (in) indium compound. 

[0329] For the above indicated size "AA* cell, aaout 8.5 grams of the third dry mixture can bo placed into the anode 
cavity inside cathode can 28. inside separator 1 6 and above bottom seal 1 40 cr isolation cup 1 42. the about 8.5 grams 
55 of dry mixture providing the preferred about 67% by weight of the matenai which will eventual? oe the full weight ot 
anode mix 20 

[0330] Aqueous potassium hydroxide (aoout 33 percent ay weight KOm m aque us solution) can oe used wrtnout 
any additives. A preferred potassium hydroxide is prepared for jse m the anode by adding to a quantty of aqueous 
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ootassiun hydroxide oraferaoly atom 2% ay weig-tf 2-iC. "he resuirrg cotassiur: -yorcx:de -=s a % c ccvs:er:y 
resemomg mat cl water No oiher additives reec geners.ly oe usee to zreza-e >.re cotassum ryexxce c .se r 
nakng trie -mode mrx 20 

[0331] The so prepared potassium nydroxtce is adced :c tre :r.-:z oy -tatjrs r tre areas cavity. - art^r-: tc 
5 croviae tre prei erred atom 33% oy weight ct eiec;roiy:e ir. :ne 'n.-snea aroae m-x 23 W-.er re 'GJja cctassiurr 
rydroxiae is olaced in the arode cavity, the ootassium ^ycroxice ccacts wnn re ge-Jmg agen:. cor.vet;rg re ar.coe 
r-tx from a consistency resembmc wa:er tc a gel consistency ir s.t- ;n tre aneoe cavity 

[0332] s - ! any of the embodiments, the znc cxiae -tesenct ce ir-tia.y creviced ;n :r.e ai:^a ie eiectroiyte *-xi-_re as 
an cqui i:rurr. auartity of znc oxide is u it matey se::-gcner3!oc n six eve t:mc cy tre cxcosjrc z* Tc zrc :z :ps 
ro ai<ai-re envronmen; are ooerat ng conditions extant :rsiae :ne can w.r c: witrcut aca;t f cn o' z --c cxica oer sa 

z:nc -jsed m forming such 2inc oxioe :s drawn trorr :re particulate z?rc airaacy >~ :re ce:i. ana tre oxygen s crawr 
com r.ydroxyi ens already in the cell. 

[0333] Any of tne conventionally known geil*ng agents can oe used n any conventiona l <ncwn amcurts D 'eferrer 
ge : i'pg agenl composition is carboxy poly methylene. avai:ao;e from 3 F Goodncn Company. Cieveiarc. Ono. uroer 
rs the trade name CAflBOPOLOv Preferred amount of the CA^BO-OKE gelling ^gent :s acout 3% oy we gnt. c*seo cr. 
the weight of the zinc panicles. 

[0334] When surfactant is oresent m tne alkaline electrolyte together with tre zirc. the surfactant :s oehevea tc ce 
chemically adsorbed on tne surface of the zinc through tne metal soao ormcipie to form an nysropnoo c mcnomoiecuiar 
layer when provices a corrosion-innibitmg ehect 3t the zinc surace. wr.re at tne same time makirg t-.e zinc suffic en* y 
20 availaolc for tne electrochemical oxidation taction :nat the acsirca rate of oroductcn of cicct'ochcmical power car 
be maintained under heavy loading of the cell 

[0335] A suitable surfactant is avaiiaole from Aquaion company. Wilmington Delaware as 'Natrosoi® * The Na- 
trosoi® surfactant is an hydroxyethyiceiiuiose-oased surfactant. While choosing not to be oound by tecnmcai tree -v. 
apoiicanis believe mat tne hydroxyethyiceiiuiose-oased surfactant is at laast m par. enabling of the greater -ates oi 
25 power generated oy anodes made with sucn material, and thus the increased rate of electrochemical ouio ut from sucr 
cells 

[0336] In the above illustrated method of making anoae material 26 the indium compound s adced to the mixture 
after the organic surfactant is mixed with the part cuiate zinc. 

[0337] An indium compound preferred for use herein is indium Hydroxide. Methods of making suitable indium ry- 
30 droxide are disclosed in United States Patent 5. 1 66.013 Yoahizawa. and thus are well known. 

[0338] When indium hydroxide ocwder is mixed with the particulate zinc, the indium nyoroxide powder may coat the 
zinc oantcfes. When tne ootasstum nydroxec is added tc tne particulate z>nc. oan of the tnoium nyaroxidc may oc 
eiectrooeoosited onto the surfaces of the zinc particles through the principle of substitution piatmg. the-eoy raising tne 
hydrogen overvoitage on tne respective surfaces of tne anc particles. Any remaining port'on o' the indium nyoroxice 
J5 wnich is not so etectrodeposited is believed to be retained in solid form m the atkahre electrolyte 

[0339] Tms 'remaining portion' of indium hydroxide. :f any, may be electrodeposited onto tresn surface of zinc ex* 
posec wnen the zinc is subjected to discharging, wnereby the 'remaining portion* of the mdium can aeposit on rewiy 
foimed surface area oi the zinc particles to theieby project such newly formed surface aieas t»om unwanteo sice 
reactions. 

*o [0340] The smaller the particle size of the indium compound, tne better the dispersion m the aikahre electrolyte, so 
that the mdium compound can be effective uniformly throughouuhe anode mot. If the indium compound particle s tco 
small, however it may be immediately dissolved in the aJkaiine potassium nydroxde whereby the amount of the mdium 
compound available to be used after partial discharge of the cell may oe insufficient. 

[0341] The potassium hydroxide need not have any additives although use ct the ZnO as indicated above is pre- 
«5 f erred. The optional use of ZnO dscussed above is well known, so is net discussed further here. 

[0342] The amount of potassium nydroxide can vary from a low of about 25% by weight of anode mix 20 tc a mch 

of atom 45%. Tha balance of the anode moc is made up pnmarity of the paniculate zinc, making aiiowar.ee lor tre 

roted preferred aoBrUv©*. aroferroti concentration for the potassium hydroxide is about 27% to about 40% cy weight. 

wiin a most preferred concentration of about 30% to about 37% by weignl of ine dnode mix. 
50 [0343] The particutote 7inc can generally be made from any battery gmde rmc composition Preferred partice s.re 

is about 100 to about 500 microns average, with at least about 90 weignt percent of the zmc being within the siateo 

range. 

[0344] in a first series of embodiments of the anode material wherein dry zmc composition is placed in the anode 
cavity followed by addition of electrolyte, the zmc preferably includes a small amount of lead as an alloying agent, such 
« as about 200 pans per million (ppm) by weight to about 1000 ppm by weight based on the weight of the particulate 
ztne. Preferred amount f lead is about S00 ppm by weight, or less. For use m the dry zinc aeditton method, indium 
preferabry comprises n more than 5 ppm by weignt of the particulate zinc an y 

[0345] In the illustrated embodiments: the composition of the anode m* may include mercury as a functionrg com- 



32 



EP 0 940 869 A2 



co-tent :nerem. The amount of mercury can -towever. ee reouced as ccrrcarec to cer.ve-.t cnaiakai re elect-cere- :a 
ceds While an overdli forge or C Z% oy weignl Ic aooui t2% rrercu-y oy we:gm s ccmerrc a.eo c-:e:S:"ec ~drge "or 
:r.e mercury -s jp to about 3% by wetgnt A more oreferred range s acc ji " % cy we gr.t :o aoou: 3^ by weg.r mereu7 
Where suitable hydrogen overvoitage can otherwise be cotamec. :re areferec ancce cocoes : or s 'ree f'on effective 

5 amounts ot mercury, however, where mercury s useo crefeirec car: culate Z'.nz s amalgamate Suc~ :ra: :rs s -.."ace 
of me zinc bears an eaurvalent crcportior of the mere j 7 content to mat of :re out* of me z rc 
[0346] Wh-le the precise mechanism :snot fu.ly uncerstcoo and wire acc: cants choose tc -ot oe ccr.c cy :ecr.r ca 
theory nere. aooiicar.ts oetieve mat mercjr/ wnere useo ard in re cesence cf :re ir.dium arc me crgar.'C su^acant. 
facilitates an ircreaseo otectrccne-nical -©action rate caoac:ty m :ns arooc thus -ctcasng c cctrc-ss :*cm mc : ~c a: 

o an increases aiect'ocnemicai reaction rate, enacting 3 'aster c:scra'ge of me ce:i -.roe? -\g~ 'a:e ec-cii.c-s 

[0347] Tie nethoc ct associating mercury with the zrc is not critical. Thus, mercury car ce asscc:atec wim :re z rc 
asoy crysicaiiy mixrig mercury with the zinc oaaicies. oyaitoymg mexjry witnzmc oy soiuiionc spiacement reaction 
and the like. 

[0348] in me recently above noted embodiments, the oar.iculale *mc alley is oreferaciy free from iuncuond-y de- 
'5 tectaoia amounts of indium To the extern the partculate 7inc may ccmpr se rcun as an alley ccmoonert -herein, the 
amount ol indium alloyed with the zinc is generally 'ess than 1C0 ppm oy weignt. based or. :re weigrt o: me zinc 
[0349] It is believed mat indium comaouna m me anoce composition seoaraie from any indium aiioyeo m the z nc. 
provides a trigger mechanism enabling the desired hign reaction rate m me anoce mix. Conveniionai cells, on me omer 
hand, exhot steadily declining voltage unoer high cram rates, whicn suggests that tne reaction rate of me eiec:ro- 
20 cncmical reactions n such coils is insufficient to maintain a constant vcr.agc at high ara.n rates. 

[03S0] While the preferred embooiments have beer, described wrm respect to using :ndiun hydroxioe as me indium 
compound indium chionce and indium sulfate are also contemplated to work as well ana so are witmn me scope 0: 
the invention. Appticants further contemplate that ndium bromtce. moium oxide, and md:um sulfide, as wen as cmer 
indium comoounds. may work in place of me disclosed indium hydroxioe. 
25 [0351] Additionai metal compouncs contemplated ;o work, m addition to or n place of me incium compound, are 
compounds of cadmium, gallium, thallium, germanium, tin. and lead Respectively, such comoounds as CoO. Oa^Oy 
Tip 3 GeO>. SnO and PbO are contemplated 

[0352] in a second series of embodiments, the additive package inciudes about 0. «% by weight to about 0 5% by 
weight preferably about 0.2% by weight to about 0.4% by weight, of a solid polyethylene oxice surfactant suc.n as 

so those disclosed in USA Patents 5. 128 222 Yoshizawa et ai and 5.3CS. 374 Yoshizawa el ah for example SurflenG) S- 
161 . available from Asahi Glass Company Tokyo. Japan about 0 1% by weight to about 0.5% oy weight, preferably 
about 0.2% by weight to about 0.4% by weight, of tnoium nydroxidc. about 0. 1% by weight to aoout C.5% oy weight, 
preferably about 0.2% by weigntto aoout 0.4% by weight of polyacrylic acid gel mg agent and about 0. t% by weign: 
to about 1 .0% oy weight, preferably aoou; 0.3% by weight to aoout 0.6% oy weight, of a getting agent s jen as me 

J5 above mentioned CARBOPOL carboxypolymethyiene. 

[03S3] in me above described comoosition me oolyacnlic acid getting agert car. oe a matenat such as ootassium 
potyacryiate.forexamoie Andali 1 460 from Chemdai Corporation, Paiatma. 1 imois. USA and may operate as a viscosity 
modifier, in combination with operating as a •supeiabsoibent." and such piopemes may opetate on :he basis of cioss* 
linking ol such material. 

*o [0354] The particulate zrc is alloyed with bismuth, indium, ana calcium m amounts of about 300 ppm by weight 
bismutn. 300 ppm by weight mdium. and 300 ppm by weight catcium. This embodiment is preferaoly devoid ot mercury 
because ol environmental concerns; however, cells of the invention are readily operable when mercury ts mcluaed in 
the anode mix in well known amounts. 

[0355] in mis second senes of embodiments, the ootassium hydroxide electrolyte is combined with the paniculate 
45 zinc oetore me zinc is placed in the anode cavity. The sequence of steps for making the anode mix is as follows. 
[0356] An aqueous potassium hydroxide electrolyte composition * mace at a concentration of 37.5% by weight KOH . 
37% by weight zinccobde. An aqueous surfactant composition is made by mixing solid surflonGS-: 61 surfactant solids 
with water at a 10% solids concentration. 

[0357] 999 grams of Ihe KOH solution are mixed with 0.9 gram of me surfactant solution. 0 9 gram of soiid indium 
so hydroxide. 9 0 grams Aridal 1460. and 14 4 grams CARBOPOL© 940 The resulting composition <s mixed vigorously 
tor about 15-18 mrutes until a moroughly mixed composition is obtained. The resulting gel is then 3ged lor e.g. 16 
hours at room temperature. 

[0358] After the profit aging. 1 976 grams of particulate zinc is adoed to tne gel and mixed in at moderate speea 
until an homogeneous finished anode mtx 20 is ootained. 
*s [03S9] Greater or lesser amounts of each ol the alloying materials alloyed with the ztnc can oe used in various 
emoodiments Typically, tne amount of any one aloymq material is m the range ot aoout 50 ppm oy weight to aoou: 
750 ppm by weight. Where the amount is less than ab ut 50 opm by weight, the affect is generally insufficient. Where 
the amount is greater than 750 ppm ; the desired afleci is generally n t enhanced. 
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[0360] A variety of strer zinz alloys are accectaoie There car ce ~er.t:cneo c* examcie. zomra'\c m s e* cs'- 
!rau.-n-diu.Tiinum-teac. aluminum- riaium -lead oismuh-'naiuTKeaa i.^c:-r:-eaa andleeoony Cre ere erec *:rc 
ai-oy contains 500 ppm ead as the onry sigr.if-ca^t aiicying n^terai Arcre- alley ccrtams SCO scm :eac. 3CC zz?r 
:nctum. and 70 ppm aiummu.T Yet arotne'' alloy contains 500 oor 'sao arc 3CC oc^ :-ibium in aoc tor., cs^s o* :re 
J .nver.tior. can emotey any other z:nz a^ioy oown fo* use i - * 2 z:nc e!ect:ccr.em:cai csii ozeravr.z -r a* aaueous a *anne 
envrcr.ment 

[0361 ] "Tie surfactant can oe. in addition to the soecf c surfactant ccmccsitions osccsea any surfactant <rowr. 'or 
.se i". 2 *:nc electrochemical cell operating n ar acueous akaane env rcr.me^t 

ANOD; C'JPPENT CCL.EC'OR 

[0362] in a first embodiment illustrated m e.g. = I3LR£ 2. anode currert collector 22 r.c uoes an eion;aie s^ark 
i50. and a head 152 on ore end of the shank. Head 152 can seve as tne aroae terminal as i ijs;-ated ?n - GL?£ * 
or can be m mttmaie eleclncal coniact win anode cap 2^ as suggested n FIGURE 2. Preferably cu-'-'ent cci ectc-' 22 
'5 and especially shank 150 is symmetrically shaped Most preferably, shank " 50 is m ma snaoe o> a soiia round *oc i- 
cell 10 shank 150 is immersed in, and :s in intimate eiectnea 1 contact wtn anode mix 20. 

[0363] Tie function of current collector 22 is to collect etectncal energy, proauced by electroactive reactions >r tne 
anode, and to conduct the electrical energy., as electric current between the arode m* and the anooe tern rial. The 
functioning of the current collector requires at east a minimum threshold amourt of surface area on snank 15C :o oe 

20 m mtimatc contact with anode mix 20 in crocr to 'collect" tne electee current croduccd m the anode mx. 

[0364] In electrochemical celts of the invention me anooe current collector is not me snmary electroactive aroae 
ratenai but is rather a recaiver and transporter of the electricity proauced a; tne mass of electroactive anooe rraterai. 
me mass of eiectroact;ve anode material, nameiy anode mix 2C. being the primary electroactive anooe material As 
usual, the current collector can be affected by see reactions such as oxidation not per se proouctrve of usefu: electric 

25 energy And while the anode current collector can partiaoate in the onmary electroactive reaction on a seconaary 
basis, me primary electroactive reaction is pi tmarily carried out oased on the reactivity of anooe mix 20 not the rypically 
and generally unreactive current collector 22. 

[0365] The outer surface of shank 150 is finished to a desired uniform surface smoothness, and is preferably 'ree 
of deviations from the general surface finish Such deviations might be. for example, burrs, nicks, anc scratches, which 
30 would add surface area and thus promote an unnecessary amount of gassing, esoecially wnere the su-lace of shank 
1 50 may be plated witn a gas suppressing plating material Non-symmetrical current collectors can be used, provdec 
accommodating modifications arc made in cooperating ones o* tne other elements, for example grommct 15. with 
which tne current collector interfaces and cooperates. 

[0366] The anode current collector should efficiently collect current, and snouid conduct tne current so collected tc 
55 me arode terminal with minimal toss to internal res.stance. Thus, m addition to the physical characteristics of tne cuter 
surface providing an efficient collector of e=ecincal energy, tne outer surface of the composition of current collector 22 
snouid be a good conductor of electricity 

[0367] In general, known and commonly used current coliectos incooorate large factions of coppei m then com- 
positions because copper is a cost effective, good collector and good conductor, having low internal resistance. The 

+o particular composition selected for the anode currant collector depends on the use antcipated for the cell, the envi- 
ronment in wnich the cell will be used and the known efficiency of the materials under consideratcn. for collect ng anc 
conducting electricity under the anticipated use. and use environment, conditions. For prmary cells, discharge capacity 
for a single discharge is a prominent consideration. Oxidation of the anode current collector, on the other hand. ;s of 
little concern so long as no oxidauon occurs that would imoede operation of the cell until after the cell is fully discharged. 

as [0368] Pure copper ts generally not satisfactory for use as current collector 16 ; even under onmary cell conditions 
Accoroingv the copper is meted or alloyed with additives, ard/or tne current collector is p.ated with, for example, tin. 
go;d. or other oxidation suppressing plating matenal in orcer to obtain the desired collection and conduction properties 
in the current collector, without incurring unacceptable levels of oxidation of the current collector. 
[0369] As suggested by ine above noted plating, properties of collecting and conducting current are substantially 

so controlled by the composition of the material « me outer surface of current collector 22 Accordingly the current collector 
can comonse a substrate made ot any of a vanety of matenals selected for other than current collecting or current 
conducting oroperties. Such substrate has the general size and shape desired for the finished current collector. The 
substrate material can be selected based on. for example, weight, cost strength, or the like. The subst-ate is coated, 
such as by plating, cladding, or the like with an outer layer navtng desired properties associated with collecting and 

55 conducting electneal energy. The material used as the coating can aiso be used as the substrate as in FIGURE 2. 
whereby the coating per se is obviated. 

[0370] it is kn wn t use. tor example a number of brass compositions in making current collectors, such as 50 
by weight to 80% by weight copper, and respectively 20% by weight t 50% by weight zinc. Specrfic examples are 70% 
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cy we git coocer ana 30% by weight zinc 65% by weign cocoe* ard 35% oy .vergr: z:rc 6C% oy we e.-: zzzzv ar: 
4C% oy weigm *inc. ana 50% by weight ccoser arc 50% by weign; *irc S'-cr. ma^nais can oe useo as ;re e-.;.*e 
'-siss of tne current collector, or *s a coating on an y-taeryipc, suostrate Vl:: o e elective coamg :*yers can ce usee 
cn a substrate so long as the e;ecmcally effect:ve otter iaye- exn a-:s tre ces :*ec ccmect!cn an; corcuc::on crooerttes 

s [0371 ] Tne aoove-noted brass compos :ions are sufficient y effect ve a: succressrg cxicaton as :o ce accectac-e 
for jse m primary cans wrier employ a singie discharge cycle cetcre t*.e cell s cisccsec of n general, re r'zpe- tre 
coceer traction :he iower the internal resistance m :ne current co lector SiTiany, :~e ;owe' :re ccocer '-action :r.s 
~tgrer *..ne ir.:e*nal resistarce. it is Known tc -se an anooe cjrrert cci ector ccmcosifor ravirg ccocer —.ccrieo w-tr 
.0 :c 3oout *'% oy weign! s:hcor. and generally cononsmg up to acoj; C 5% manganese a^c trx ca:arcc ccosc 

■ o A most preferred ar oae ...-rem collector is a cass suosrrate r.avi-tc accjt 50% oy wergn: copper arc aoo-wt *C% sy 
weigr.t zinc, arc Oietea with tin over in e crass. 

[0372] in general. the anooe current collector is ass em Died to grenme; 13 by pusnng sran* 1 50 thrcugr acer.ure 
154 it- tne gromnei The ccmbinatior. grommet-cjrrent collector s then erolaced m trie can witn roncjr-en: o-ivirg 
of shank' ■ 5C of currenl co lector 22 into *tnc anooe mix SO. "his wrings .he shank into intimate eieclncai convict w ir 
rs :r.e /mc anode mix 

THE GROMMET 

[0373] Referring to FIGURES 3Bard 18. in the embodiments illustrated grommet 15 -.as a first maior diameter 1 62. 

20 generally corresponding with the general irmcr oiarncter ot the cathccc can 3n intermediate oiamctcr 1 54 arc a minor 
diameter 166. Leoge "05 defines a step diameter cnange between major diameter 1 52 and intermedial a diameter 164 
Leoge 168 defines an arcuate oianeter change between intermediate diameter 164 and minor oiameter '66 Central 
aperture 1 54 extends through the grommet, from top to bottom, and is operative to receive snantc : 50 of anoce current 
collector 22 wnile excluding nead 1 52. thus to present head - 52 for electrical contact with either an outs;oe ctrc.it or 

2S anode cao 24 (FIGURE 2) 

[0374] The functions of giommet 18 aie geneially as follows First, the giommet provides cell closure at the too of 
the cell, preventing escape, such as by leakage, of matenals of the anode mix. especially leakage of electrolyte 
[0375] Second, the grommet provides structural integrity to the top of the ced. n coooerattcn with the hooc strength 
ot especially the cathode can to resist transverse crushing of the ceil at the top portion of the ceQ. 

30 [0376] Third, tne grommet is made of an electrically insulating, preferably poiymeric. material such as for exampie 
nylon, which electncally isolates the anode currert collector from any transmission of electricity througn the grommet. 
between mc anode and tne cathccc Certainly, other materials can oe used to make grommet 15 so icng as ;ncy 
provide me above oesenbed functions There may o% mentioned, for example, polypropylene certain of tne potyem- 
yienes and other pctyoiefins and olefin copolymers, and the like as maieriais useful tor making grommet 1 3 

JS [0377] Fourth, at and below ledge 169. the grommet at minor diameter 166 interfaces direct y with air cathode as- 
sembly 26. and indirectly with separator 15, in some embodiments directly wtn separator 16 thereby to trap the air 
cathode assemoiy and me separator oetween the grommet. at minor diameter 166. and the cam oae can at an upper 
ooition of sice wall 39 

[0378] Referring especially to FIGURE 1 3. ledge 1 06 is fabneated in the grommet. and stop groove 1 02 is faencated 
*o m the can side wall, before the grommet is assembled into the can, such that the stop g-oove receives leoge 106. arc 
thereby stops downward movement of the grommet into the can when the gremmet nas oeen pushed the desired 
distance into the can. Namely, ledge 106 and stop groove 102 coooeratively stop movement of the grommet inwardly 
into tne can when re grommet is property oositioned in the can with the res: of the cell elements during cell assembly. 
[0379] Win ledge 1 06 of the grommet property positioned on ledge 104 of stop groove 102. ledge 106 of tne grommet 
as comes into generally controlling engagement with the air cathode ana seoarator. as is discussed m more detail nere* 
matter. 

[0380] As seen especially in FIGURE 18. a properly positioned grommet 18 fills the entire cross-section ot the too 
opening of the cathode can. thus closing the top of the can to ngress into, or egress out of. the anode mrx-recetving 
cavity 137 inside the cell. Still referring to FIGURE 18. wnen the grommel is properly sea lea in the cell loo 169 of me 
so grommet is modestly below the top of the can The top of the can is then ctmped over as illustrated m FIGURES 1 
and 18. Note also FIGURE 2 wherein anode cao 24 is shown optionally placed on too of the grommet before the 
crimping, thereby to crimp the anode cap to the top of the cell at cap slots 170. 



END CAPS 

[0381 ] Anode end cap 24 is positioned at the anode end 1 the cell, m electneai and preferably m onysicai contact 
wrtn nead 152 of the anode current collect r. The anode end cap is not used m all emoooiments. Where anode end 
cap 24 is used, the anode end cap is secured in position at slot 1 70 by the crimping of me top of side wall 39 of the 
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cairoce can inwardly and ocwnwardly against tr.e anode cao at C30 stt * 70 n sucn emcocimerts :*e .ostarci-g 
.op dis»<it MCge - 72 of ihe grommel * crmpea mwarsiy aicrg *iih me .cd soge cf i-:e cat-cce :^ s«cr :ra t - cce * 72 
serves to separate, so as tc physical isotate. arc eiectr ca y -suate. *ne ion ecgs cf tre csroce can '.-cm re tec 
surface of anode cap 24 

5 [0382] Sjcn crimping of side wa I 39 ana toe 3is:a- ;:cge * 72 ove- re arcce cac - : x:.-g re a-:cce cac - c ace s 
suggested m FIGURE 2. P'eferaoly. eiecncai contact, cetwesr* :re anoce cao a-.o neac *52 cf t-2 arcce c^rren: 
collector, is ensureo oy lightly tacking ;ne ancce csd tc -eaa ' 52 cy 'or exampie. we;cng tre arcae cac :c read :52 
cf the anooe current ccilector 

[03S3J C^csjrs cf tre ce i by mward?y ctmcmg (no :oo cege ot the cat-?occ car s;cc wa i dewrwareiy ara nwaroiy 
?3 agam si ."age i 72 of tre gromrret witnout -jsmg an arcce ena cac is ccmorerenaec r re inverse- arz s < js:*atec 
■n F GU3E to In sjcn embodiment, head *52 of the ancce curentcc secto' coerates as re ancce :er~r.a* cf re ce i 
[0384] Catnoae enc cap 3C is positioned at :ne catr.ooe eno of tne est-, tyoicaiiy at me cistai ecge cf fiarge * 33 Cac 
30 is securey affixed to tre bottom of the catnode can. creteradiy oy weic ng tre catr.coe cac to "arge 1 33 cf me 
cathode can. 

'5 [0385] As illustrated, tne anode and cathode caps exmort traditonai cress-sect lonai snaoes for anode a-ic catneoe 
caps on round electrochemical cells. Othe: cross-section configurations can oe jsed if cesireo anc a wice variety oi 
such configurations wni oe obvious to these skilled in re an. typica^y casea on the ccnfig^rst cns cf the aoot-ances 
m whicn respectrve ones of the cells of the invention are to oe used 

[0386] The general function ol either of anode cap 24 or catnoae cac 30 is to facilitate making elect -icai contact 
& between terminals of an outside electric circuit ana the c ectrodes of Tc cc.i To tnc extent the c;cc::ooc caos mane 
the contact more certain, more cost effective, or easier for tre user to effect caos 24 ard/or 30 are oref9radiy sa.ectec 
for use. 

[0387] To the extent the electrode caps do not pro vice any net aovaniage to the cell, sucn eiectroae caps need ro: 
be used The occurrence, or not. of such net advantage depends on the intended ero use ot the cell. Where tne cell 

25 is to ce used in a conventional appliance where the aooitance terminals are configured to receive conventional cells, 
the efecttode caps may be used Where the appliance is specif icaliy stiuctured to use ceils of the invention. :he appli- 
ance terminals are preferaaly structured to interface with head ' 52 on the anode current collector and e'ther oiaMorrr 
103 or "ange 136 of the cathode can. obviating anode and cathode caps 24. 30. As a further option, platform 108 anc 
head 152 can be so configured as to be disposed n the physical location and physical arrangement usually extant n 

j0 conventional cells cf the standard size of interest 

[0388] Anode cap 24 and cathode cap 30 can oe fabneated from any conductive material wuch car readily ma*e 
good ctcctncal contacts, ana which will tolerate the pnysical stresses wrven arc typically Diaccd on sucn caos during 
routine use ol the cell. A variety of such materials can oe used for caps 24. 30. One can use for example a wice 
variety of materials such as those recited (or use n fabricating tne catnoae can Among the maierais wmch can ce 

05 used for either or both of the anode cap and the cathode cap are for example and without limitation cold roiieo steal, 
optionally coaied on one or both sides with nickel: and stainless steel such as 305 stainless steel, optiona iy coateo 
on one or ootn sides witn nckei Other materials known m the oarer/ art tor use as eiectroae caps m alkaline rouno 
. cells aie equally useful in cells of the invention 

* CORNER STRUCTURE DETAIL 

[0389] FIGURES 3A and 38 taken at dashed circles 3A and 38 respectively >n FIGURE 2 represent enlargements 
of the top and bottom respectively of the interior structure of the ceil at and adjacent the top and bottom of me air 
cathode. FIGURES 3A and 38 illustrate especially the seals, about the air cathode assembly ai the top and ocnom of 

*s cell 10, aganst electrolyte leakage, and <n promotion of eectncal isolation of the anode and catnoae from eacn other. 
[0390] Referring to, tor example, FIGURE 7. any electrolyte traversing through me air catnode assembly must pass 
through the PTFE air diffusion member. However, the PTFE is hydrophootc. whereby me aqueous elecfoiyte generally 
does not traverse trough the PTFE. Accordingly, the ^TFE air diffusion member is effective m normal use to prevent 
aqueous electrolyte Irom passing through the PTFE and thence out of ;he cell. 

so [0391] The cefl is especially vulnerable to leakage ol electrolyte, however, at any location where the electrolyte can 
by-pass the PTFE. and traverse a path that does not require that the electrolyte traverse through the PTFE or along 
a surface of the PTFE. Such paths potentially exist at me top and the bottom ol the ceil adjacent the separator and me 
air catnode assembly. And while such paths devoid of such PTFE can Be effectively sealed against electrolyte leakage, 
such seal paths are more difficult to seal than corresponcing paths emp oymg such PT r E 

55 

CORNER STRUCTURE AT THE BOTTOM OF THE CELL 

[0392] Referring to FIGURE 3A. inner wall 11 0 of bottom wall 37, and lower portion n 4 of side wall 39 form me inner 
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and outer wais o ; f-ange 139 at re bottom of the cei:. thus at sict !16 cp :ne i-.tar or of ;re cei! As cscussec wit- 
resoecl .3 me 3Ciiom structure overall cairode current cd ector 32 ana a f c^sir- —erroe* 36 exie~c cown*arc y 
:n:c slot -16 

[0393] As illustrated in FIGURES 2 ■ -24. tie i-!vent:or corterro ates various ;.rs emen:a::crs o! :::rrc:rg ire "ar.$e 
m o.-der to collapse siot ' *6 a! various cottsm seai g*coves suci as * 22. "X ana tre : te trerecy tc or -g i^e: wai 
i i 0 ana lower ponton 1 1 4 of side wall 39 togetner ir m-iate re.at ors-:cs wttr, re : jrrert coiiectcr and t.ne ar ai^sioo 
r-emoer. a^o nto ctose proximate relationship with eaen crre' 

[0394] FIGURE 3A illustrates mat carton cataiyst 34 "eec not. ena creferaciy aces no: extenc r:o slot r:6. ;ut s 
confned aotween air illusion n*cmoer 36 ana curcrt collector 32 aoovc s.ct i:6 Similarly :r\o oc::o-n ecge of scc- 
aratcr '5 axtenas ga^eraiiy ;o. cut not into, slot *i6 "-us. ■-■ preferea er-ooci^er.ts tre — aterai extsramg r:o s:ci 
1 1 6 is hmitec :o tne catrsde current collector ara tie air ciif -jsior merroer As illustrated m r i 3L PS 3A. :ne a*r c:f js;o.* 
r- ember ;s ratner comoresscie and is accordirg:y nig.nyccmp'ssseo mtr.e area of cnnoeo oonnrr seal groove '• 3CW 
and by its typical -essence, ertirely fills ary 'estduai w;cn of ire slot with ;:s hydropnocc :omoos;t;cn 
[0395] Referring lo the ocllom ol the eel' and FIGURE 3A. lioud nay cotenhaity .raverse a aalh oownwarciy to ;.*e 
oottom of slot 116. about tne bottom edges of the catnoce curren: collector *nd the sir diffusion nemper ana.uowaro y 
along me outer surface of the diffusion member to an air oon. therce to exit the cei!. Points aiong sjcr. caih are wnere 
separator 1 6 meets isolation cup 142 and where the bottom of separator 5 meets air cathode assemoiy 26 as wei; 
as the first choke regen adjacent inner wall 1 13 at the wide cotton seal groove n siot T6ard tne second cho*e -egion 
adjacent lower portion 114 of stde wall 39 at wide bottom seai groove 13QW. 

[0396] Such path generally begins wncrc separator :6 meets bottom seal "40. ana oasscs actween sccarator 15 
and bottom seal 143; ana/or me oath traverses between separator '6 and isoation cup '42 along joint 148. trance 
downwardly past tne oortcn of separator 16. thence continuing downwardly cetween wan *i0 anc catrooe current 
collector 32 through the first cnoke region at the wice oottom seat groove n slot n 3. The pa:n tnen traverses oast 
the oonom end of the catneoe current collector and arounc the 9no of the current collector and air diffusion memoer 
36 ; to the outer suriace of the air diffusion memcer Once on the outer surface of :ne air diffusion memoer. tne path 
traverses upwaidty thiough the second choke leg-on, namely past seal gioove 130W between an diffusion membei 
36 and tower oortion 114 of side wail 39. ana finally must pass around or through seal ring 75 before advancing to an 
air port 36. If the seeping material should reach an air port, the material would be free to escape entirely f.-om the ceil, 
through the air port. 

[0397] Returning now to FIGURE 3A, bottom seal MO provides a first obstacle to traverse of liquio along such path. 
Namely, bottom seal 1 40 is a leu id impervious oolymer. and is m intimate ohysical contact with the seoarator atong a 
meaningful ncight of the separator about the circumference of the cell at tne oonom of the cell., th js blocking movement 
of liquid along the interface between seal 1 40 and seoarator 1 5 at the bottom of the ce I. 

[0398] Any liquic 'Mitch manages to get past the bottom seal and/or the isolation cup. next encounters tne pressure 
exerted on inner wall i 1 0 and current collector 32 opposite compressed wee bottom seal groove 1 30W. on flange t 36. 
The recited enrnp seal at bottom seal groove 1 3CW substanttairy reduces the width "W4 fl (FIGURE 3A) across slot 11 6 
to that width which s occupied by the cathode current collector and the highly compresseo air diffusion memoar after 
the flange nas been oeirnanentty deformed undei the crimping foice of e g tools 132 arid 1 36 
[0399] As illustrated in FIGURE 3A. diffusion member 36 is tyoically compressed in the sealing groove to no more 
than about 50 percent preferably no more than about 35%. more preferably no more than about 25%. of the thickness 
of such diffusion member outside the sealing groove and adjacent e.g. an air port 38. The crimping is practiced spe- 
cifically to provide such an obstacle to flow of liquid electrolyte. 

[0400] For effective leakage prevention, the seal at wide bottom seal groove 130W substantially closes slot 116 
exceot for the widths required by ne cathode current collector and the highly compressed air diffusion memoer. The 
deformation properties of the e.g. cold roiled steel core layer of side wall 39 of the cathode can are such as to maintain 
permanent the substance of the deformation imposed at the crimping step, and to maintain substantial p -fissure against 
the air diffusion member and the cathode current collector, thereby to maintain siot 116 closed to traverse of liquid 
electrolyte after too* 132, 136 are removed. 

CORNER STRUCTURE AT THE TOP OF THE CELL 

[0401] Referring to FIGURE 3B. a top edge region of air diffusion member 36 s wrapped inwardly and downwardly 
about the circumference of top distal edge 57 of tne cathode current collector, and aoout the top of separator 1 5. and 
thence downwardly along a top portion of the inner surface of the separator 

[0402] FIGURE 38 illustrates that carton catalyst 34 need not, and preferably does not. extend into the slot 174 
between minor diameter 166 and wide seating groove 1 76 beiow the t p edge 1 77 (FIGURE 32) of side wail 39. Rather 
the carbon catalyst is generally confined between air diffusion memoer 36. curren: collector 32 and separator 16. below 
slot 174 
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[0403] ^ areferrea emoodiments :ne material extending .*nto sic: * 74 s n::ec :o tne :3tncce cj.'-e«t cc::e:tor ar.c 
.re air 3iflus.cn memoer. anc the lop ecge cf seoaralcr '6 gene-aiiy ac-ts trie eoitom of re grcmmet. Areery .re 
separator floes not eitter.d upwaroty into tne sio: As hiustated r. =iG-_-RE 33. re effusion ^errrre* s *a:rer com- 
oressible. ana thus s highly compresses, as cscussed for tr.e comer strjctu-e a: scconr cf :re ce ; .r. :re area o' 

s w de seating groove 1 76. and the rypical resii ence r' the art jsion r-emce* e~: rely is a -7 -essa-ai A-atr c* :-e s.c: 
eoth against tne cathode can ana against :ne grommet w-ereov tre ryo'ocnootc crcoert-es or zz*r scares of s 0: 
1 74 imcede entry o : aqueous electrolyte mtc tne 3:0: ana trave-se of acuecus electrolyte a.onc 0: :*vougr :ne slot 
[0404] Referring to tne too region ot the ce*; a.nc to PiGU 3 .E 3B. c - d may 3o:en:ia;iy traverse a ea:r jowarciy to 
the top of slot 174 From tnorc. the irquc couia take eitre' or octn of t*o oat.ns r.rs;. :r.c « auid mgr: : 'averse :ro cuter 

■3 surface ot tne air orfius.on memoer ana aownwarciy a.org :ne cuter surface ot :ns effusion memoe* :z 3- 3..- zon 
thence to exit ire celt. Points along tne overa<; sucn satr are where tre gremme: meets tne c:sta. edge ot :*e air 
crtusion memoer arcuate leage 163 ana :ne cuter surface ct tne at: otfluscn nerroe* *n :r.e cnoke regie* wrere tne 
air diftus;on memoer is crimped, and thus conoressec nwarory. oy can side wall 39 at wiae seaiirg groove 176 
[040S] Such path is impeded boih by (he hydrophcoic naiure 01 ire air cii'usion member d.no ty tne cr.o<e 00ms 

*s deftnea by the pressure oetween the air diffusion memoer and the grommet ana oetween tne air ortus:on memoer arc 
the cathode can side wait at wide sealing groove 176. 

[0406] Second, liquid could traverse Iron the top of slot 174 upwarcly between grommet 1 = anc sioe wall 39 of tre 
cathode can, thus to the top of the grommet and tnence out of the cell. 

[0407] Such path traverses for example, from msice the anode cavity, along slot 174 between grommet *3 aro air 
20 diffusion memoer 36. tnence upwaraly Dctwccn grommet 13 and side wall 39 tc the top ol tne ceil. Once tre leaking 
material reaches the top ot the cell, the material is free to escape entirely Vom the seli. 

[0406] Returning now to FIGURE 3B wide sealing groove 175 crevices a first costacie to traverse of liquid a<ong 
the uowardty directed portion ol the oath leading to leage 168. Namely, wiae sealing groove 176 exerts a force com- 
pressing air Diffusion member 36 against grommet 18 whereby air diffusion memoer 36 is in mt:mate pnysicai ana 
25 compressive contact with the grommet for substan any the full heignt of slot 1 74 about the entirety of tre crcumf ererce 
of the cell adjacent the top cf the cell, thus blocking movement of liquid between giommet 18 and aif cifluson membei 
36 to the top of the slot. 

[0409] Any liquid which manages to get past the compressed hydrophobic diffusion member and thus throtgn slot 
1 74 and to ledge 169. depending on the path of interest, r.exl encounters either the oressure between compressed 

30 wide sealing groove 175 and the compressed air diffusion member on the downwardly directed oath, or encounters 
the pressure between the grommet and side wall 39 of the cathode car. Pefernng to the downwardly oirectso path, 
the pressure octween wide scalrg groove 176 and the nyaropnooic air drffuston memoer constitutes a significant 
obstacle to traverse of aqueous electrolyte, in adcition. in order to completely traverse wide sealing groove 1 76 the 
electrolyte must pass around or through seal ring 76 befere advancing to an air pen. 

3S [0410] Referring to the upwardly directed oath upward of ledge 163. a grommet lock groove 1 73 m side waii 39 
(FIGURE 2) preferably extends acout the circumference of the cell oetween wide sealing groove 1 75 anc the too o> 
grommet 16 Grommet lock groove 178 is formed in can sice wall 39 after the grommot has seen instated m me can. 
and thus ciirnps the side wall of the cathode can agains^ grommet 18 with sufficient oressure (i) to hold. 01 at least 
assist m holding, tne grommet in the can and (ti) to block flow of electrolyte oetween grommet id and side wail 39 

*o upwardly toward the top of the cell. Grommet lock groove 1 78 exerts sufficient ongoin g active oressu re against grommet 
18 to substantially impede flow of liqutd e.g. electrolyte upwardly past grommet Iock groove 1 7S The crimping ol 
grommet lock groove 1 78 is practiced specifically for among other functions creating such an obstacle to flow of .iquic 
electrolyte. 

[0411] For effective leakage prevention. w«3e sealing groove 176 substantially closes slot 174 excect tor the wioth 
*5 required by the combination of the cathode current collector, and the twe layers ot the highly con pressed air diffusion 
member. The deformation oropenws of me e.g. cold rolled steei core layer of side wail 39 of the cathode can a-e sucn 
as to maintain the deformation of groove 176 as imposed at the enmpmg step thereby to maintain slot 1 74 closed to 
traverse of liquid electrolyte) after the crimping force ot the respective tooling is released 

[0412] Wide sealing groove 176. as illustrated in FIGURES 2 and 38 5 fabricated by placing a grooving tool m the 
so existing grommet stop groove 102 (See also FIGURE 30) and working the tool about the circumference of the can as 
well as downwardy. thus using the toot to widen the exist rig groove downwardly such that the groove extends contin- 
uously downwardly from the stop groove and continuously about the circumference of the can. Thus, the neight of the 
comparatively wider seaiing groove 176 incorporates, and expands on. the original rather narrower stop groove 102. 
[041 3] In another embodiment illustrated in FIGURE 30. a separate too seating groove 1 90 is fabricated in side wall 
>5 39 below grommet stop groove 102 and above the oottom of slot 174. Sucn too sealing groove 160 performs generally 
the same function as wide sealing groove 176. but over a lesser heignt ot (he cell, and separate from stop groove 102 
[0414] In yet another embodiment, not sh wn of comer structure at the top of the ceil namely adjacent the too of 
anode cavny t37 : but referring for guidance to FIGURE 3B. diffusion member 36 extends upwardly into slot 174 and 
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tern mates at a *cp eoge ao acent me co.'resoonamg tco edge of eatrc-de cu-er.: cctiecto- 32 Nans-/. r eTcec- 
mehl ci '--sen remcer 36 .s not Umeo nwarcly <anc cewnwardy nstoe .ne caihooe cuvent cc ecver ce.«eer .re 
catroce current collector and grorrmet 1 = Rather, carcce cu-.-ent collector 32 ■$ >r orec: surfare-to-s-rface eiat or- 
sric *«m grommet "9 

> [0415] Wh <e the separator is generally wertao.e "y aoueots .iqj cs. t-:e cressu-e a: e ; wise sealing g-oove 1 76 s 
effective to at least partially suppress 7-sigration of acueous : ou.d uowa-ciy r.to s:ct t74 =n rose encociments wrere 
secarator extends upwardly irto slot *74 Thus wmie tie secaratcr s ge-.eraiiy hyc.'corH.e. „rcer trie p-essu-'s c* 
sea m; groove 1 74. the seoarator oses at leas; oart ol its nyoroonmc characteristic cocerres arc se ves as tne *:.'s: 
:pc of ccferse agamst 9aKago ol l quid eicctroiyto ou; of tne ceil Any ;.qu o cicctroytc wn:cr cocs manage 'o gc: cas: 

*i ire saoa-a:or in tre sot. st;.i rr-js: traverse tne cno«G oorts ana etna* oostades -r onaof :re uowaraiy arc cc'Anxaraiy 
crectec oaths cesenced ear.ier nerein r order to e^ecttvery *eak out cf tre ceil 

SEALING TAPE 

'5 [0416] As with other air depoiari/ed electrochemical ceils, a seal taoe. suggested m aasred outline at 1 32 n ~!GuPE 
1 . ;s installed on the outside surface of the cathode can covering tne air sorts n the cylindrical embooiments of ceils 
of the invention, the sealing tape is installed about the entire circumference of 'he cuter surace of sice wall 39 arc 
preferably extends from proximate e.g bottom seal groove 130 to a location generally proximate sealing grccve 1 7= 
or 1 SC. as applies. Tape 1 82 covers air ports 38. and blocks unrestneteo access of air to tne 3i* cor.s. untri sucn time 

20 as tne cell is to Cc placed into service When placement of :nc cell into service is imminent :r.c tape :s removed. ircrcoy 
exoosing the air ports to ambient air. whereoy the oatnods half reaction is facilitated 

[041 7] Seal tape i 82 can ce made from any of tie seal tape materials known 'or use over air pons of air depoianzec 
ceils. Preferred materials are those known for use wnere chemical react ons are suitao<y suooressed. for .ack of air. 
until such time as the celt s to be paced into servce 
25 [0416] Sucn materia) can have, for example, a 2 men wide ease web aoou 002 men thick ard with sutaoie icnown 
porosity, with e g sjitabie piessuie sensitive adhesive mount ec (hereon The tape is applied by wiappmg a suitable 
length of the tape, adhesive side inward, about tne entire circumference of that ponton of side wall 39 wnicn contains 
air ports 38. namely the portion of side wall 39 which extends e.g. oetween bottom f large 1 33 ano e g. either wide seat 
groove 176 or too seal groove 130. 

30 

REVIEW OP CERTAIN ASPECTS OF ThE INVENTION 

[0419] Electrical contact between the cathode current collector and the catnoce can is effected at flange 1 33 at the 
bottom of the cell, with eitner groove 122 or 1 30 providing active noloing force, or both grooves :22 and i3G wnere 
35 both grooves are used, holding inner surface 50 of the bottom edge portion of the canoae current collector agamst 
the inner surface of inner wall 110. thereby establishing and maintaining electrical contact between cathode cureni 
collector 32 ana cathode can 23 

[0420] Bottom seai material 140 can be placed in the bottom of the anode cavity by spiaymg melted sea! materia! 
from a ncaile inserted into the anode cavity and toward the bottom of the catnoce can. preferably with concurrent 

to rotation of either the nozzle or the can. In the alternative, the unrformity of placement of bottom seai material 140. aoout 
the bottom of the anode cavity, is ncreased. over spraying melted seal matena.. when the seal material is placed in 
the anode cavity as a solid oellet or pellets, and is melted in situ oefore being solidified by subsequent cooling of the 
so-melted seal material However applicants have noticed a modest performance advantage m cells which were con- 
structed with the r situ melting step, as compared to cells wherein tne seat material was applied as a melted spray 

4* [0421] Applicants contemplate that the noted imoroved uniformity of in situ melting of the seal material, over spray 
apoiieation ol already-meitec seal material 140. may be related to the very nature of spray applications Namely the 
amount of material applied adjacent and at an edge of the spray patterr vanes according to the exact position m the 
spray pattern. Thut, in order to assuredly cover an area of interest, one normairy directs tne spray pattern so as to 
apoly acceptable arrounts/lnicknesses of material throughout the target area. Accordingly in obtaining the m mmum 

50 destrea full thickness coverage of spray materiel throughout the target area, the edges of the spray partem generally 
apply lesser amounts of the spray material outside the target area. 

[0422] In :he case of cells of the invention, the spray target aophes seai material at the same height as generally the 
same amount of seat material (allowing for edge overspray) would reacn tn the meniscus adjacent me separator if the 
insulating melt plug (e.g seal 140) were developed by in situ melting of one or more panicles of me seai material as 
55 described stoove. In order for me spray application to cover me target area including me meniscus neignt. the tighter 
edge areas of the spray pattern necessarily reacn above tne purp rteo meniscus heignt. 

[0423] While cnoosing to not be imrted t technical theory here, applicants c ntempiate that the lic/ner spray cov- 
erage in such higher areas above the meniscus zone, may impeoe electrical and/or physical mobility of reactant moi- 
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enes :o 'ron or in tr*e cathode assemely acjacen: wnere me iignter spray nas seen ac-oneo aocve -erases 
~e gm. ccresponomgiy 'educng the evei cl electrochemical reac-.mty at 'esceel ve aOidce-: ocr::or.s c' .ne "9ec:.c* 
surface oi :ne cathode assembly Acco'dmgiy. wnere ctner Actors a-s ecu^ . :ne -n sru ~e<t r.g .r bwcz z* *co.y 
rerrrcotastic seal material 14C is preferred 
5 [0424] Tie active caroon cataiyst ts r-ecnar:caiiy cencea oetwee-. cl:*: ar.d .-..ne? sur'aces 53 5C o* catroce 
currert collector by caroon catalyst material extenoing outwardly ?'or- D-ojeete: cce~ areas o* :re ce:fors::ons cr 
coth sue outer and nner surfaces of tne catrcae current collector 

[0425] An exerrpiary air affusion nerroe: 36 is preferacr/ teoncateo oy wracorg aoojt 2 25 wraas ct 2 Swtscie e 
g 0C2 men :mcK ayor of mcrooorous PTFE aoout act.vc carbcr cataiys; 34 w t.n s-tac c press -re arc:.- tcrs.or. o~ 

'3 :re PT=£ sneet mate'ia. as tne PTFE is wrapoed. Tie affect o* aociyrg cessure aravc :ers.on cr re sneet 
as tne sneet :s wraooed abojt tne carbon ca'.aiyst -s tnat :he resulting mjiticte-sye- =T= £ ar.'Sior. ^erncer ras a- 
overaH tn:cvess smaller than tne corresponoirg multiple of tie nominal at rest s ng;e ayer r.ic<res3 of r n e wee 3C 
wrasceo In the aoove example, the resulting tmckness ot me 3-layer wrac is aoott .C035 r.cr Sj. table such wraccec 
ruliicle layer diffusion members have resulting thicknesses about 50% o aoout 72%. 3.*eferaoiy accul 55% ;0 aocui 

'S 65%. most preferaoiy about 60%. as great as tne sum of tne trveknesses of tne layers wraoced 

[0426] The effect of wrapping the PTFE white sjciectmg :ne PTFE to comoressive and/or tensile reduction in tr rep- 
ress is to establish a desired air diffusion 'ate tnrougn the air diff usiop member, deoeramg on trie amount of comcres* 
sen imcosed. Greater levels of compressior.. inducing greater leves than those recited aoove. can ee useo to estao :sr 
lower rates of atr diffusion, for example to establish a lower air diffusion rate as a :ooi for cort.-o.hng vaoor transport 

20 mio or out cf tne cell 

[0427] Lower diffusion rate can also be used :o establish an upper limit or tne cat node reactor -ate by reoucmg tne 
supoly of oxygen availaoie at the cathode reaction surface. Lesser evess of compression andter tension me-uoing 
lesser levels than those recited aoove. can be used to establish higher rates of atr diljsion and thus greater sucpiy 
oi oxygen to tne cathode reaction surface. 

25 [0428] Another effect of wrapping the PTFE as a continuous (essentially endless) vweb is to avoid any end ecges 
extending substantially through one oi more layeis of the thickness oi tne diffusion rrerrbe; Where eg 325 wraps 
are used. :or any electroiyte to get through the diffusion member, the electrolyte must eit.ner traverse thrcugn the 
thicxness of 3 layers of the PTFE (not likely), or traverse along facing surfaces of adjoining layers of the PTFE for 3.25 
limes the circumference of tne diffusion member (agam not likely). Given the above obstacles to l;cuid egress Vom tne 

50 cell, hcuid electrolyte in general does not exit the cell through the PTFE alusion member. Thus, the multiole ayer 
endless wrap structure of the PTFE diffusion member :s a significant factor ;n impeding such liouid exit through the 
diffusion member. 

[0429] In technically preferred enoodimems. ihediffusion member is turned inwardly about the circumference of the 
ceil, over the too of the separator or cathode current collector and oownwarciy onto the lop portion of tne -nner sudace 
JS of the respective cathode current collector or separator. The downwardly-depending portion of the PTFE on tne inner 
surface of the cathode current coleetor or separator provdes a first-encountered sealing shield, m siot 1 7d rrpecmg 
movement of electrolyte or electricity from anode mix 20 to tne camoce current coiiactor or tne canoae can. in us 
impeding interna! electiical snorting m the cell 

40 OVERALL METHOD OF MAKING A CELL 

[0430] Tne loltowrig materials are provided for assembly of a cell of the invention A cathode can as described above 
is provided. Such cathode can has air ports 33 in side wall 39. in suitable numoer, preferably evenly distributed over 
sioe wall 39 adjoining me prospective reaction surface area of the air cathode assembly The catnoce can includes 
45 provision for stabilization of the bottom of the air catnoce assembly as at either slot v6 or througn clug 128 or the 
like, ootionaily m combriation with groove 122 or 1 30. The catnodecan preferably funher includes grommetstop groove 
102. 

[0431] An air catnode assembly 26 as described above, is provided, m such air cathode assembly, an upstanding 
l-ee eoge region erf the PTFE diflusion member preferably extends e.g. about .050 inch to about 1 50 inch preferably 

so about 1 00 rtch to about 1 25 inch, above the top of the cathode current collector 

[0432] A grommet 18 is provided, inciting ledge 106 properly positioned for interfacing with grommet stop groove 
1 02. Either grommet stop groove 102 or ledge 106. or Both, can oe continuous as shown, or can be intermittent about 
the circumference of the can and grommet. The only requirement is suitable interface to stoo aovance cf the grommet 
as the grommet is assembled into the cell. 

S5 [0433] A separator 16 as described above is provided. The height of the separator is such as to extend generally 
from the top of slot 1 1 6 or plug 1 28 to and rto wnat will become slot 1 74 between grommet 1 8 and stde wall 39 of the 
cathode can. The width of «V separator is sutlrcieni to extend more tnan the full circumference I the anode cavity. 
The composition of the separator ts preferably as described above, though a wice variety of known separator materials 
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can oe toieratec :n tne mvert:on ~ne thickness and residency o*. tne sneet -*a:er ai jseo :z ~3*e s63a*a:o- * 5 s s-j;r 
as io dr.itcipaie a resi:ieni expansion of a hgrvly coiiec so en rr.d : .e:-a; .r see .r-e cir :a.rcoe esserr.eiy *rer. .re <gr: > 
ccjtec material is released ms;de the caftxie car 

[0434] A suitable anoce mix or anode mix crecurso- s zrzv.cez "re ar.cce rrx s c-e-e'a;:v tre aorve sesc zez 
wet anode ntx. oreferabiy made as deserted win me e ec:rc;v;e corr0cs;:icn cemg nccrccateo wrn :-*e cry coweer 
prior :o the arode m* being incorporatec :nto tre cell However a wtae vartety ;f *r.cwr. aroae r xes. rcuc:rg cry 
arose mixes, subsequently wened :nside trie anoae cavrty can oe usee m cs :S o* ;re rver::on arc a w:ae vane:y 01 
<rown ooerabie methods of maKing sucn anoce rs:xes. are 3Ccectaoie. a-:s coe-aeie :r ma*mc ce :s of re :r.vent:cn 
although tre aoove -aescrceoanodo mixes arc pretcrroo The reason seen anoce mixes a-c orcterrca s cocs-se 5.;- 
anooe mixes can coier: any provide nrgner discnarge rates man c:ner mere wice-y-usea areas mixes 
[0435] A su.taoie ancoe current coi ector s proviceo Whiie a wice variety c! anoce rjrer.: collectors car ce -.sea 
a preferred anoce current collector tor some enoodimen:s is a orass nail {7C% cocpe* 30% zinc: m tre form cf a so-ic 
rod coated (e.g. plated) wrtn tin. gold, or orer material oroviamg a sufficiently nigh hydrogen overvoitage ;o ir-ceoe 
self -generation of hydrogen gas inside the environment extani m me ceil 

[0436] A suitable bottom seal material 140 is p'ovideo The oortom seal material can ce crovced n etner sci c or 
reltecVliouid form, deoendmg on the metTod which is 10 be used m placing the seal material into the cell When tre 
seat material is provided in meitedform. the melted material is generally contained in su;taoie soray macrnery mcucmg 
a suitable reservoir, a spray nozzle, and a pump for cressunzirg the meited seal material. When the seal material is 
provided in soiid form, oreferabiy a single pellet of suitable weight [e.g. C 25 gram for a size 'AA* cetli is provided 
Muttdc pellets, of suitable combined mass, for use ;n a single cell arc acccptaoic out less dcsiraolc. 
[0437] Given the aoove provided materials air cathode assembly 26 s inserted into the cathode can win the bottom 
of the air cathode assembly extending to the mside surtace of tne lowest extremity 1 1 2 of bottom wan 37 
[0438] The bottom wall of tne eel) is than enmpoe, either at flange 1 38 or against a conducive piug 12S. us ng a 
groove e.g. 1 22 or 130. thus to fix air cathode assembly 26 m position ;n the can to orovide electrical contact D 91 we en 
the cathooe current collector and the cathode can and to effect a seal imoedmg now of electrolyte around the ower 
end of the cathode assembly and thence out of the ceil 

[0439] The separator is then rolled generally and loosely into cylindrical form, and s inserted >mo the cathode can. 
inwardly of the air cathode assembly. The separator is oreferabiy pushed downwardly into the can until tne bottom 
edge of the separator reaches the lop of slot 1 1 6. or plug 1 23. whichever is being used. Once m the can. the separator 
is released, whereupon the separator automatically and resiliency uncoils/exoands against the inner surface of the 
cathode current collector, : here by generaliy defining the circumferential sde wall about the arode cavity of tne ceil 
The bottom of the anode cavity is dctmca by the uppermost one of the oottom covering materials, namely seal 140 or 
isclauon cup 142. 

[0440] In some executions of separators in conventional metal -air cels : :ne seoaraior is adhesrveiy eonoed to the 
cathode current collector. While the separator can be e g adhesively oorceo to the cathode current collector m cells 
of the invention, the high dram rate performance of the cell is improved compared to a cell having an aonesivery 
bonded separator where the separator is not bonced to the cathode current collector Accordingly the mvention con- 
templates orefened cells wheiein no adhesive bonding is piesent between the cutei suiface of the sepaiator and the 
inner surface of (he cathode current collector. 

[0441 ] In embodiments where an isolation cup 1 42 is used the isolation cup is typically inserted into the anode cavity 
after the separator is inserted into the cell. The isolation cup is placed mwardiy of the separator at the bottom of the 
anode cavity, with bottom wail 144 of the isolation cup against the central oortion (e.g. central platform 103) of the 
bottom wall of the cathode can. For example, the bottom surface of bottom wail 1 44 is against the top surface of central 
platform 108 n FIGURES 2 and 3A. aitnougn snail spaemgs are shown between tne elements in the drawings for 
ease of visually distinguishing the elements from each other 

[0442] in the atematve, the isolation cup can be msened mto the anode cavrty followed by insertion of the seoarator 
into the anode cavity, including into the isolation cup such that the oottom edge of the separator extends to the top 
surface of bottom wall 144 of the isolation cup. Once the separator ana soiatton cup are m pace in the anode cavity, 
the bottom seal material, if used is next inserted Where pre-meiteo seal material is used, a spray nozzle is thus 
mserteo into the anode cavity, with the spray orifice of tne no77le generally disposed toward the bottom of the cavity 
[0443] Preferably the cathode can and contents are rotated while liquid (meiteo) seal material at e g. 500-575 degrees 
F. is dispensed from the nozzle onto the bottom of the can. or the isolation cup as appropriate. Seal material is accord- 
ingly dispensed onto the lower portion of separator 16 at the same time In general, the cathooe can and contents are 
at approximately ambient temperature when the seal material is dispersed. Accordingly the cooler temperature oi the 
cathode can and contents rapidly cools the dispensed seal material to below its solidrication temperature, whereby 
the seal materia] rapidly reverts to the sold state after placement into the anode cavity n melted conditen and before 
flowing down by gravity off the side wall cf th separator 

[0444] Where seal material is introduced into the anode cavrty m solid state, preferably a single pellet of e.g. 0.25 
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gram ."cr size "AA" cell) o* seat materal is daceo r re oortcrr of tne anoce cavity agatrs: centra; :ai::.'- ■ ZS c 
iscia:ion cup '42. Tne ces red amouni ol seai maie"**! can ce o:acec " ne a~oce cavny is r:,*e -,ar ;re ce:-9i cu. 
tre single oeiiet is creferrec 

[0445] The solid seal material is then me'teo by .-.eating, aro af:e* -rei:;rg =s cooled arc — e.-eey -s-sei cified *-e 
5 r-eitng can be done by 'Qt example, inserting a roi ar rozzie .rto :.-e cavny acovs the sea ~ater a 1 oe et arc -s:rc 
-o: 3r to men the oeiiet. in tne alternative anc c-referabiy, a not contact -eate' contacts re oute- Sw-^ace c* ccttcr 
wall 37. and provides mel:ng heat to the seai material ay cor oust or rrougn cc:tcm wa.. 37 = \->er *ay :re sea 
'-atena must be reated sufficiently that the seal material metis o" otr.erAise ?ows =;rc * ! s trie oono.n ot re cav :y. 
esoeciaity 'o c:ose off jom; i 45 ano/or any other joirt oetwce-n scpara:c '6 arc a ccr.om mcmoc-' ct r.c ar.ccc cavry 
?3 sych as piatfcrm 1 35 of tne can or isolation cup 1*2 

[0446] Tne neated fiuiO seal materal flows to 'ill trie jams, and creterao y terms a men scus > ;Gu 3 ES 3 A arc 29; 
oroviomg a significant seal nterface oetween seai material 1 40 ana the lower senior of seoarator 15 wnere seoarator 
1 6 interfaces with the conom of the anode caviry. wnatever the strjcture at the bottom of *re anoce cavity 
[0447] The upwardly-inclined meniscus at the seoaralor orovioes a suitably long oath thai any ooteni.a! y ieaKirc, 
?s electrolyte must travel m oroerto leak past the seal material and downwa-dly miosiot -6 Esosaa-iy wne-e the centra, 
oortion of bonom wall 37 is lower than outer portions of the bottom wail. such as at FiGlRSS 27 and 29. r e memsc-.s 
is important to retaining suitable thickness ot the insulating melt piwg at seoarator 16. 

[0448] Orce the seal material flows, and fills the aporooriate iocaticrs n tne bottom of the anode cavity, cooing s 
again provided, effective to sciidity the seal material in the bottom of the anoce cavity tnus tc : ix tne seat material \r 

20 tc desired location at tne bottom of the anode cavity 

[0449] With the bottom of the can property protected by seai material or the isolation cup. or ootn. a suitable Quartity, 
e.g. aoout 13.5 grams of wet gelled 2inc pre-mx composition is aaded to the ancce cavity wne r eoy -he 'misneo anc 
factional wet electrolyte ccmoosition is men m place m the ancce cavity, in the alterative, e g. aoout 3 5 grams of a 
dry zinc pre-mtx is added to the anode cavity followed by ado it ten of suitable electrolyte composition 

25 [0450] The anode cur rent collector is ass ambled 10 the grommet by insert ng snan k 150 of the anoce cur rent collector 
thtough apeituie 1 54 of the grommet. until head 152 of the anode cuuent collector abuts tne top ot tne grommet aoout 
aperture 154. 

[0451 ] The subassembly of the grommet and the anode current collector is tr.en inserted into tne anoce cav ty with 
the shank of the current collector disposed inwardly of the grommet, and oenetratmg into, ana mto intimate crystal 

JO and electrical contact with, the anode mix. The grommet/current collector suoassembly is preferably advanced rto the 
anode cavity until grommet ledge 1 06 abuts ledge i04 of stop g*oove 102 of side wall 39 of the cathode can. 
[04S2] After tne grommet ana anode current collector arc mscned into the cathode can suitacic grooves arc formcc 
or expanded about the sice wall ot the catnoae can to lock the grommet m place and to orovide effective seats against 
leakage of e.g. electrolyte out ot tre cell past grommet 18. For example ;ne eel can be turned against suitable tools 

35 ' to create grommet lock groove 1 78 (FIGURE 30) and/or top sealing groove 1 30. or both (FIGURE 30). about tne entire 
circumference of sice wall 39. Grommet lock groove 178 is optional. Top sealing groove 180 s obviated wnere grommet 
stop groove 102 is expanaed aowrrwarcly as snown in. (or example. FIGURES 2 and 38 to torm wiae grommet lock 
gioove 176. generally extending between and including what are shown as stop gioove 102 and sealing gioove 'SO 
m FIGURE 30. 

*o [0453] Inserting grommet 18 and anode current collector 22 into the can. and forming the recited grooves 1 76. 1 79. 
180. as appropriate completes the closure of the ceil, inducing forming a desirably tight closure ana seat of the cell. 
[0454] Wide seating groove 176 is fabricated by placing the working tool into gromme; stop groove '02. anc nolaing 
the tool at a suitable radius to provde inweroly-directed sealing force against grommet i3 while turning the cell ano 
gradually moving the working tool downwarary from tne height ol stop groove 102. As the tool is moved gradually 

as downwardly while hotdmg the recited radius, stop groove 102 is expanded downwardly and optionally inwardly, thereby 
to bring pressure to bear against the diffusion member, cathode current collector, and separator, and indirectly against 
grommet 16. over en expanding vertical height eventually reaching the dimension 'Hi' (FIGURE 38) and locking the 
aitlcsion member, the cathode current collector, and separator m a press-fit configuration m slot 174 against grommet 
1 3 thus 10 form the wide grommet bck groove as illustrated in FIGURES 2 and 38. 

50 [0455] Height B M1" of wide grommet lock groove 1 76 is substantially greater than tne height of grommet stop groove 
102 illustrated t\ e.g. FIGURES 18 and 31. Typical ratio of the height "Hi* of grommet lock groove 176 to the height 
of grommet stop groove 102 is of the order of about 2/1 to aboui 10/1 . with preferred ratio ot about 4/1 to about 3/1 
[0456] With suitable sealing grooves and/or locking grooves having been formed in side watt 39. the cell is at thai 
point adequately closed and sealed against leakage of contents of the cefl. "op edge 1 77 of the cathode can is men 

55 crimped inwardly, along with top ridge 1 72 of the gromme:. agarst the top surface of the grommet. thereby to provide 
the final closure crimp in closure of the cell. 

[0457] if an anode end cap 24 is to oe used, the anode end cap s placed against the top of the grommet oefore the 
top edge of the can and top ridge of me grommet are crimped ever In such event, the circular outer perimeter ot the 
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anode cao is trjs traooed n slot 1 70 as the too edge ot :ng can arc tre too ncge o: :-e grcn^et a'e z-~zec over, 
ro.or.g the d^ooe cao ic ire anode end ol .Me cell. Tr e anoce cac :s e>ecircaiiy isridier -err 103 erge ' "7 c: cb.roce 
car. 23 by tne intervening efectncaily msjiatmg top r age '72 of tne grcrr^et 

[04S8] Wh:ie the anode cao is ihusoaceo nctose ard Une'tf toucr -g rcxi^ty wt:.- -eas *52 c' the arcce c^r-er: 
» collector, a soot weld 13 preferaoly formed between -teao* 1 52 ana cao 24 t.-^s :c 2staoi:sn e*ce«ert etec:::cai :~n:ac: 
between tre anode current collector 22 and anode cao 2-1 

[04S9] Ccrespondingly, it a catroae cap X s :o be used, the cat^oae cac ;s o;aceo acams; o-eferaciy :r.e cwest 
extremity i!2 of tne cathode can. anc weiceo n place :nerecy id oo:a;-» sryscai securemer of :re catr.cos cao to 
tne catnoac car. and to estao.isr, exceiiert 0 ec:nca: conrac: witn :nc :a;rccc can 

to 

HOL-OW ANOCE CLhPENT COL-ECTCR 

[0460] FIGURES 3iA and 31B represent cross-sections of ;eoresenta:ive ceils after significant ciscrarge cf the 
resoective cells F'GUF.E 31 A represents a cell raving an ar.oda wherein the *irc was oiaceo n the iroce cavity r 
• 5 the dry condition, witn the electrolyte having been adced to tne anode cav;ty after aadtior. of :he cry /nc - 

[0461 ] By contrast FIGURE 31 B rearesents a cell having an anode wrerem :he zinc was claced n tne ancbe cavity 
:n :he wet condition. Namely, the electrolyte was added to. and mixed w.trv tre zinc oeiore tne zirc was oiacec sntc 
the anode cavity. 

[0462] Both of FIGURES 31 A and 31 8 illustrate novement ol -eaction iront 1 56 of tre anode rail reaction as oxygen 
20 t;om the air combines with the z mc in the anode, through :nc auspices ol nyaroxyi components el tne cicctroiytc As. 
illustrated therein, the relatively lighter coiored anoce mix material 153. namely the reacted zinc oxide, generally em- 
anates inwardly from air cathode assemcly 26. The r e;atively darker colored anooe mix matenai 163. -iamery tre 
unreactec zinc : is generally disposed relative y mwarcly in the ceil, about the anooe current col actor 
[0463] As FIGURES 31 A and 3i 3 illustrate generally, :n a fresh unusec red. being put into use 'or tre f;rst time me 
. anode half reaction between hydroxy! ion and zinc initially takes ptace mmedateiy aojacant tne air cathece assemoty 
Thus, the leactrve hydroxy cn leacts with one of the first available zinc osruces it encounters as it leaves the cathece 
assemoty. Namely, the reactrve hydroxyl ion reacts with a zinc panicle wnich is cose n distance 10 tne cathode as- 
sembly. 

[0464] As the zinc immediately adjacent the cathode assembly is used up r electrochemical reaction m the ceil, anc 
30 is thus converted to zinc oxide, the hydroxyl ions have to travel further inwardly from the cathode assembly thrcugn 
the light-colored zone of reacted zinc oxce. in order to reach and associate with, and thus to react with, unreactec 
zinc wncrcoy road ion front 156 gradually moves inwardly towaro the anode current collector as the zme nctai ;s 
progressively used up m the elect roch em cal reaction. Further the reacted z:nc oxide tends to coalesce toward a 
pnysicai structure nore representative of a singie agglomerated article, more stone-like m nature, and sss easily 
25 traversed by the hydroxyl ions. 

[0465] FIGURES 3 • A and 31 B. ^presenting dry and wet aodttion of the zinc, respectively illustrate somewhat dif- 
ferent paths ot movement of the reaction front as use of the ceil progresses Both FIGURES 31 A ana 31 8 represent 
ceils that are substantially used up, namely substantially used up assuming relatively h gh diam fates of one ampere, 
and using an end point ol 0.9 votl. In FIGURE 31 A. the reaction front has progressed substantially ail the way to the 
40 anode current collector at loci upwardly in the cell. But toward the bottom of the cell, the reaction front has moveo 
inwardly from the caihode current collector to a lesser degree. Namely, the zinc oxide ts about 2-3 millimeters thick. 
Accordingly the eel: of FIGURE 31 A illustrates un reacted zinc 160 in a oeli-shaped configuration, open at the bottom, 
and focused about the anode current collector at the bottom of the cell. 

[0466] The ceil from which FIGURE 3iA ts derived approximated a 'AA' cell ir size. The reaction front at tower 
45 portions of the ceil was about 2 millimeters to 3 millimeters from the cathode current collector. 

[0467] The result is thai a first general V cylindrical portion of the anode mix. taken along the full length of the anooe 
cavity, and which is defined inwardly of the readier front at the lower por.ion of the anooe cavity nas a relatively lower 
overall fraction of reacted zinc oxide and a relatively higher overall fraction of unreacted zinc. 
[0466] By comparison, a second generally cylindrical portion of me anode mx. taken along the foil length ol the 
50 anode cavity, and which is defined outwardly of the reaction front at the tower portion of tne anode cavity, has a relatively 
higher overall fraciion of reacted zinc oxide, compared to the first generally cylindrical portion of the anode mix. So. 
comparing the first and second cylindrical oortions of the anode mix. tne second outward cy mdrical portion ol the 
anode mtx is more effectively used in the cell man ss the first inward portion of the anode mot. m the embodiment ot 
F'GURE 31 A. 

ss [0469] Referring now to FIGURE 31 B. which represents tne zme having been added to the anode cavity in the wet 
condition, the first outward generally cytindncai portion is cesionated 1 61 A, and me second inward generally cylndrical 
portion is designated 161 B As seen in FIGURE 318. the outward portion 161 A rearesents a hign fraction of c nversion 
ot zirc to zme oxioe. and the inward ponxw 161 B represents a tow fractt n of conversion of zmcto zinc oxioe. H wever, 
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tre reaction •font recresents a relatively cylindrical surface, ail aiong r.s ne gr: ci the aroce ^-:x ^ tre 5*cce cav:y 
[0470] U sncuio oe -jnoers;ood lhal the 'eacuon .'ron: orofiles i USudteo :r. = GuRSS 3t A ana 3*3 rscrese.n* c.ni> 
^ign cram operation of the ceils While greater f ractcns of tne 7 rc can oe reacteo a~c tnus .sec .3 *rer 3 era n -^te 
ana/o- voltage are \ wer. typical demands anticisater -or eel s cf tre mvent:cr are foe usee " -jgr.er cram acc; cavers 
i wnereoy iowcra'n 'atepropert'es are riot anticipated to rave sicn^-cant vaLe Acco-'c:ng y. :ne —y.e* crair rate ccMes 
.Hustratec :n r IG'JRES 31 A anc 31 Bare believed :o recresent the more tysica! real .sfe use cf sucr :e s Cei's of tre 
invention zan of course, also ce used ir. mode 'ate ana lew a ram rate acs i cations 

[0471] FIGUPS 32 'so resents a 'u.T.e- emoociment of the invention wr-cr ta<es aavar.tags cf :~e -:gr jse rate 
cna*ac!eristics cf outor cyinartcal pon:cn 1 6* A tnougn the cuior anc inner cyuncrca; ocrton; arc 'o: socc'cany 
>o iiustratec -n ? : GU^£ 32 As tiiuscaiec n FIGURE 32. eiongaie srark 1 50 cf anoae cj'*e^t collector 22 s :,c-.ar. 
mciuamg side wail 134 ard end wall -96 defw-ng cavity 1S8 msioe snank *50 

[0472] As :l.ustrateo. shank t50 has a cianeter 'Cr srsfsraoty out not necessany gersraiy constant aiorg tne 
length of the snan< inducing through gromnr.et '8. Side wall tS4 has a thickness '73 J Seoarator '6 cennes wtctr 
*vVS M of anode cavity 137. 7he purpose and benefil of -.he embodiment of FIGURE 32 is to reauce ine *e gn. ol cei 

is 10 Dy eliminating some or all of the lesser-used 7inc of inward portion 1618 wniie retaining all cr naariy ai c! tne 
rr ore -used zinc of outward portion 161 A. The overall result is that significant we;gr: is e:irr'naied with ehm nation ot 
the -nward portion of the zinc, while overall energy capacity of the ced s *edLced to a lesser cegree. Coresooncirgiy. 
the ratio of the overall energy available from the ceil to the weight of tne cell {tne energy/weight ratio i is increases- over 
the ratio for a cell having a sold shank ISO. as represented by cehs of eitner oi FiGUflES 3- A. 3t3 or similar sei> 

20 wncrcin the shank is merely larger m diameter. 

[0473] Referring to FIGURES 31 A. 31B, the unreacied zinc ISC at te*mmation of ooeraticn of the cell s we:gnt r. 
the cell wheh prcvices no operational benefit to the ceil. Namely, the unreached z:nc 1 63 contno jies to the Denominator 
•weight' of the ratio without contrioutmg to tne numerator 'energy" of the rate, namely the total energy available trom 
the cell. 

25 [0474] 8y replacing tne un reacted zinc of FIGURES 31 A. 31 3 with a iess cense material m$:de shark 1 50 ty realty 
air the weight of tne cell is reduced while reducing the total eneigy available from the ceD to a lesser degi-ee wreieoy 
the rat io of energy to weight is favorably advancec. 

[0475] Thus, as ciameter 'D1 a cf hollow snank 150 is n creased, the amount of unreacted zinc existing m the cell 
after full effective discharge of the cell is decreased until the shank is sufficient y large, thus sufficiently cose to the 
so separator, that substantially all the zinc is consumed by the time the cell reaches the end point voltage, ot tyoicaliy 
about 0.9 volt to about 1.0 voft. Namely, the greater tne oiameter '01.' the c:oser is side wail 1 34 to seoarator 15. anc 
thus the less the distance between shank 1S0 and separator 16. 

[0476] In comparing variations of the embodiments represented by FIGURE 32. and in :ight of the teacnings respect- 
ing FIGURES 31 A. 31 8, and funner assuming that the diameter cf the snarnc does not extend outwardly oeyono tne 

35 reaction front represented in e.g. FIGURE 31B. the cioser siae wall 184 of snank 150 comes to separator 16. the less 
the amount ot unreacted ztne at the end point. Where tne rate of tctai energy to weight :s an important coeranonai 
criterion of the ce» : the preferred construction is a ceil having no. or suostantiaiiy no. unreacted zinc at the ceil ena 
point, namely wnen the cell can no tangei provide the threshold lequued voltage at t.ne effective load Accoicmgiy. the 
diameter of shank 150 preferably corresponds generally with the diameter of the reaction front when the end pom 

40 voltage of the cell is reached. 

[0477] In that regard, compared to an anode current collector having a solid shank, improvement in the en ergy>weight 
ratio is seen at any time when the expanded diameter of shank :50 disolaces what woud otherwise have been unre- 
acted zinc at the end point of the use life of the cell. Accordingly, some oenefit is usually seen when tne distance 
between see wall 184 and separator 16 is no more than 40 percent of the average distance across tne diameter or 

45 other cross-sectcn, of ancde cavity 137. Oependmg at least in part on wotn 'W5' of anode cavity 137. further im- 
provements are seen in the energy/weight ratio in cells wherein the distance oetween side wan 134 and separator 15 
is :ess than 40 percent of the average distance across the diameter. Thus a distance of no more than 30 perceni 
typically provides en improvement over the 40 percent distance. 

[0478] A sliU further improvement is typically obtained when Ihe distance is no more than 25 percent. Yet further 
so improvement is seen in at least some embodiments when the distance is no more thar 20 percent m some emocci- 
ments, still turther improvements are seen when the distance is no more than 15 percent, or 10 percent, "he actual 
optimum percentage depends on a vanety of parameters relating to the specific cell under consideration. Such param- 
eters can include, for example, size and configuration of the anode cavity, the wet or dry condition of the zinc wncn 
placed m the anode cavity, end pomt voltage, dram parameters including drain rate, and the like. 
55 [0479] As used herein, 'average distance across the diameter" means the average distance taken across the cross- 
section ot the cell and wherein diameter ts the diameter cf a ceil having the same cross-sectipnai area as the specific 
cell being evaluated. Thus are cells having non<y!indncal configurations provided tor. as well as cyiinonca; cells. 
[0480] Once the expanded diameter of shank 1 50 reaches me point where no substantia) mass of unreacted 2 me 
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as at ■ 50 regains wren tr.e cell reaches the enc cent rarreiy :ne diameter cf re s-a^< ceresccr.cs wi:r r e -3act:cr 
d> .re enc coin any further -eduction r ihe Cis.ance cetweer sr.anK ' SC arc sacaraicr '6 coes nci s-gr-" car: y 
f-.r.rer :r-3rcve me energy/Vveignt ratio whereoy ■na average chance oetween tne tjcua' ;»noce cjr.-ert coi ecto' 
arc re seoarator ;s sufficiently small that sjbsiantiaiy r.o unitary un-eactec mass cf z.rc -err ai.-.s c*cx;r-a:e :re arcce 
c jrrer: coi ector wnen ire ceii reaches :yptcai era ccm: voltage of acou: C 9 voir to accut * 0 vo:: Where t-e *eac::or 
'*ont ;s ret oaraliei :o shark 150. the octimun oiamerer :s sonewrat :ess tnar Arere tne .-eacttcr ;.-cnt s oa*a!iei :c 
snank i SC. and a corresocnomg adjustment ;n me ces;grea coss*sec;:cr of sna-k *S0 is orefer-ec 
[0481] Still -eiemngiorlGURE 32 sice wa^ * 34 and end wall :£6 of srar* :50 ze'ir.* cavity 153 trs.ee snark *.S0 
Cavity 136 can cc soon :o smoioni aimospncre through cor: i£9 n rcac '52 o* current co>:cc:or 22 Acccorgy. any 
pressure moosec cr s^ark : 50 wntcn translates to a a.nensionai cnarge -r e 3 c:arr.Qter of s.nan< ' 5C 'esu.ts .r. a 
ecrresooremg ingress or egress of air into or out of cavity :3s trrcugn cert *39 Corresconergty cavrty '-33 .s not 
open to anede cavity 137 whicn wouio obviaie tne pressure moderating elect cf oor tS9 
[0482] Side wall 134 can ce defined by a suitable material have a sjitaole t.mckness 'T3/' *o* exa-r.cte arc witneu: 
limitation, about .006 men to aoout 020 inch, oelimng a sir jciural strength m shan*. 1 50 sucn inat snan* 1 50 witr.stanos 
forcastypicaiiyexeredirsiaeanoce cavrty 137 Such forces represent, for example, ire rcreaseo volume racu;ramen: 
ct the anode material as the zinc is converted :o anc ox:de in tne e;ect:ocnemicai reaction Sucn su.tabie material car 
be any of the brass compositions conventionally used for anode current collectors mceiisnavmg a>kame ervirorrrents. 
for example, brass navmg compositions of 70 percent copper 30 tin. or 60 ccpoer 40 ii.n. Ctner crass consositions. 
as well as other conventional anode material compositions, car oe used as desired The composition -eouirements 
arc crly limited by tne surtaoiiity of the material tcr use as a current concctor .n the alkaline c g eotass-um hydroxide 
environment Various material compositions are known for use in such alkaline ervirorments. ard all sucn materials 
are contemplated lor use in the instant invention. 

[0483] in other embodiments, thickness *T3" is salectec, along with su.tabie materal. to oe th rn9r. for example ana 
w.tnout limitation aooui .002 to aoout .020 men thick, such that shank 150 collapses uroer forces typically extant in 
the anoae cavity curing typical conditions to whicn the cell >s exposed While the same materials as above can be 
used, e g the tmckress of side wall 194 15 reduced whereby the side wall of the shank which passes through gtommet 
1 9 can collapse to a dimension less than ihe effective diameter of the shank as the shank passes through grommei 
1 6 thus providing additional space inside the cell. As needed, a reinforcing sleeve or collar 196 can be used to reinforce 
shank 1 50 inside grcmmel 13 so tne seal between shank 150 and grommet 13 at aperture 1 54 is not broken by any 
collapse of shank 150 inwa-dly inside gremmet 19. Accordingly collar 196 is preferably confined to the region of the 
grommet ard thus exienos tess than the lull length of shank 15C. 

[0484] in yet other cmoccimcnts of the ecu of FIGURE 32. side wan 194 is maac of a plurality of materials tyotcaiiy 
a substrate defined by a suostrate material, having a first material disposed on the polymeric suostrate composition 
ano optionally a second material disposec on the first matenaK and wherein the combination of the first ana secona 
matenais is suitable to collect electrical energy from the anode mass ard to conduct sj&n electrical energy between 
the anode mass and the anode terminal. Such substrate materal can be rigid, whereoy the tuoe does not coi;apse 
during discharge of the ceil in tne alternative, the substrate can oe ratner collapsible, nereoy to laoiitata inceas.-ng 
the volume of the anode cavity duiing discharge of the cell 

[0485] As to the materials disposed on tne substrate, there can be mentioned any and all of the materials conven- 
tionally known for use m snank 150. Thus, there can be mentioned gold, cooper, silicon-copper ailoys. silicon modified 
brass, conventional brass such as 70/30 brass and 60/40 brass and the like, as well as tin and various tin alloys, and 
such matenais coated with suitable such malenals, for example, tin-olated orass. 

[0466] As illustrated, caviry 188 s preferably vented to the atmosphere through heac 152. In the alternative, cavity 
183 can be closed and sealed Where the cavity is open to the atmosphere, cavtiy '38 contains ambient air. ano 
enaotes air to move in and out of cavrty 196 at will 

[0487] Cavity 188 is a dosed chamber closed especially to the anode cavrry such that contents ot me anode cavity 
cannot move rtto cavity 188. Thus, sde wall 184 is imperforate to the anode cavity, and eno wail 136 is imperforate 
and closed to the anode cavity. 

[0488] Shank 150 can be made with a closed bottom wail by providing a plug al the end of a tube composing stae 
wail 164. or by drawing and ironing a metal cup. thereoy to form the bottom as part of a one-piece drawn and ironed 
work piece. 

[0489] In embodiments where the cavity is a totaly closed chamber, the cavity can contain other materials, generally 
placed in the cavity when tne cavity is formed. Sucn other materal s can be. for example and without limitation any ot 
the men: gases such as nelium. argon, and the like. Such other matenais can also include liquids anoVor soiids. 30 long 
as the density of the material disposed in cavity 183 is sufficiently small to contribute to the cavrty reducing the overall 
weight ot the cell. Thus, the density of any material contained in cavity 1 68 is generally no more than 80 percent 01 tne 
density ot the anode mix. Preferred materials nave densities of no •more than 60 percent of the aensity of the anode 
ma. Yet more pref rred materials have densities of no more than 40 percent of the density of the ancde mix. Still m re 
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prefer-ed materials nave censmes of no mora than 20 percent of me censrry c: tnearcoe mix Ctner :*e*€"ec -ate.-ais 

rave censihes oi ro more man 10 oercenl ol me censily cl the anode t« = -naiiy. gaseous .Tcier:a;s car ce .sec - 

cavrry 158. :ne aensmesol such gases oemg -io rro-e tran 5 oerca-it of tne a e^sty of :ne arcce m * 

[0490] in the mteresi of minimizing tne *eignt cf the cei : :av ty * =s tycica; y certains a cas sucr as ar 

(0491] "he tube defining shan< 150 is not nacessarny cysoarsai wrerecy tre : joe can ce ovai ovo o o: c:.-erw:se 

annular or may be hexagonal, or any other cesireo cicseo cress-sec: cn sr.ace 

[0492] Shank 1 50 generally -eacnes :o nearly :he corom of ancae cav;:y 1 53. !or examoie wi:rv- aooi-t CCS <--:- :c 
aoout C20 men. preferably within 010 ncn of the oortcm wall t55. wnerecy :c~crr wa=l *S5 o ; snar* : 50 s srefsrso-y 
•n c-csc proximity :o tne respective seal 14C cr isolation cup t^2. sucn tr.a; :ne cteararcc setween corcr- wai *cS 
ana ;re seal or isoiaiion cup is minimal 

[0493] Tne -eacn of tne snankto nea'ty the corom of tr.a anooe cavi:y octr*. zes use cf re anoce z.^c ^atar ai c> 
!ccat:ng surace of tne anooe current collector croximate tre ooitcm-mcst zirc :n tre anoce cavity tnerecy :z *ac i:tate 
efficient use of such zinc. Nonetheless, 'or ease o ; assemciy. a -neasurao.e aisarce may exist setween conorr *ai 
1 SB ano Ine resoeclive seaJ or isolation cup. whereoy some anooe maier ai may be disposed be. wean bcuom m*u * e= 
and the bottom of the anode cavity 

[0494] As used herein, references to AA size cells reler to the ANSI soecrications 'o* AA size Alkanre Mar ganese 
Cells. Conventional AA sue cells have ANSI specified overall heig.nt of aocut 1 96 *nches (50 mm) arc cve'aii otameier 
of aoout CSS inch (14 mm. 

[0495] Tabie 3 illustrates comparative output of AA size ce:ls of the invention compareo to AA s ze conventional coils 



TABLE 3 



Ex No. 


Discharge Current 


Current per Cathoce Area 


-r to 0.9V Best of 5 cells 


Anr toO 3V Best of 5 Cells 


1 


1 Amp 


1 57 mA/cm* 


46 


45 


2 


.05 Amp 


S mA/cm 2 


NA 


6 2 (est) 


3C 


1 Amp 


135 mA/cm* 


• C 


i 0 . 


4C 


05 Amp 


7mA/cm* 


^6. C 


23 



Referring to Table 3. Examples 1 and 2 represent ceils of the invention Exameies 3 and 4 represent corventionai cells 
'Best of 5 cells" means tnat 5 cells were tested and the numser r eporteo was the best ceil of tne 5 testec 
[0496] Table 3 shows lhat ceils of the invention have Oislmcl acvantage over sarre-si*eo conventional alkanne mar- 
ganase cells. 



CAN-LESS CELL CESIGN 

[0497] FIGURES 33 and 34 illustrate yet another set of embodiments of cells of the invention, where n the cathode 
can per sa has been deleted as a receptacle for receiving arte containing the remaining elements of the cell, ano 
structural strength of the cell is provided by other cell elements. To tnat enc. the camooe current collector is oret 9r30iy 
007 inch thick instead ol the 0.005 inch thickness indicated for the prevous embodiments wmch do mci jde a cathoae 
can. A top e.g. closure member is used to consolidate tne cell elements at the top ot the ceil. A bottom e.g. closure 
member is used to consolidate the ceo elements at the bottom of me cell 

[0496] FIGURES 35 and 36 illustrate first and second apparatus and methods (or assembling the top and bottom 
closuie rnembeis with the lemaining elements of the cell 

[0499] Finally. FIGURES 37 and 38 illustrate embodiments of the can-less cells employing hollow anode current 
collectors 

BASIC CAN-LESS CELL DESIGN 

[0600] Rcfcrmg now specifically to FIGURES 33 and 34 cathode assembly 26 is configured ano assembled as m 
me above described embodiments except mat a thicker cathoae current collector is used. Preferred cathode current 
collector is 0.007 inch thick, thereby providing adcttionaJ hoop strength to the cathoce assembly. Catnode assembly 
26 is made in the manner described above, making allowance for the thicker current collector material. 
[0501] Annular top closure member 20C receives me top end of the cathoae assembly, while annular bottom closure 
member 202 receives the bottom end of me cathode assembly Anode current collector 22 is received through top 
closuie membei 200 and projects into me anode mix as in me eat lie i embodiments 

[0S02] Top dosure member 200 includes a shmmed-d wn nylon grommet 204 received in a metal contoured too 
washer 206. Gromnet 204 receives anode current collector 22 through central aperture 154. Contoureo top washer 
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206 rcitoes an cuter arnuar stat 209 -/men -ecerves an annu ar msreer 2 ' C o' g-crrre: 204 ;.-3 3;^ — 91 -avrg 
a ecrresporemg annuiar slol 2*1 . wnereby ire rorroi-aiicr ci sio.s 2Ce 2-" ceime an annu;ar -ec=c;ac;e -ece virg 
:re too ecge region of tre catroae assemory 

(0503) F'GURE 34A illustrates another emcocimen: of :^ecan-'ess -ecectac e- ess s::-c:jre wnere:r :-<e i -js:ratic- 
5 snows :ne cell immediately srior to cnnpmg c? :ne :o3 ccsue .-r.erroe* ^warciy :n -.rai c:csjre o: :-e ceil As snowr. 
grorrrret 2C4 is ccnstruct9c with a suostannal ang.e 3 ;n set 2'\ of ascu: 2 cecrees tr 2Dou: SO oegrees :.'efersc y 
about 5 degrees to aoout 30 degrees, more preferably abcut = aecrees to accut 20 cegrees T ^us stot 2:* s -suite 
ooe" at tne oortorr to receive cathoce assembly 25 Angle !3 :s cefi-ied oy -joware y exteromg :eg 2*CA cj:er Vangs 
2' 05. ano cewnwaroty copcramg eg 21 0C of anrysar grommet nc^:c 2-0. "co was.-.o: 2C6 .s c;accc 3*cr 
■ o grommet. Ane:ner aeiore or after :ne grornmai .s asse^oiea :o :re ca:ncca assa.-ciy F:ra c-ir-crg c :zz ^asner 
205 trwarcty agarst eg 21 a, accorcmgly, also suas:an:;aiiy coUaosas arg e (> of :ne grcn-net wrue c:cs;rg s:c: 2** 
ana crimping ;eg 212 agams: tne side of tre top closure structure 

[0504] FIGURE 34A further illustrates tn dashed outline trat leg 2 : CC ca - ; initially exteno ouv.varciy *'cr? flange 2 1 09 
! sucn case, leg 21 3C :s pusneddownwaroly when vop wasner 2C6 :s assemclec to .ne grcnrrel .0 ine cosmcn sncwr 

rs for iag 2 -0C m solid outline tn FIG JRE 34A 

[0505] FIGURE 348 illustrates a further embodiment of the can -less receotacle-iess structure, as n FIGURE 34A 
but without downwardly extenoing ;eg 21 CC. Ratner. annuiar member 210 enas atne outer edge of outer flange 21C6 
aporoximateiy in line wrth ne outer surface d oiffustor. member 36. in this encodiment. outer leg 212 of washer 2C5 
is enmped dirsct:y against tne outer surface of the diffusion memoer. ~nus. -n this emoodiment. crtfus;on member 36 

20 taKcs on an aaditicnal function of providing electrical nsutatio.n octween top wasncr 206 ana camodc current collector 
32. 

[0506] FIGURE 34C illustrates a yet turtner emoodiment aenvec from tne structure of FIGURES 34 A and 348. ana 
wherein the Diffusion member is folded inwardly, as :n = :GURE 3A. over the top z* tne cathoce current collector ans 
downwardly along upwardly extending teg 210A of the gromnet. Diffusion memoer 36 accorcmgly lines a substantial 

25 0 on ion of the comb-nanon of slots 208 and 2i", and may line the entirety of the combination slot 

[0507] FIGURE 340 illustrates a yet fuithei embodiment denved fiorn the structures of FIGURES 34A-34C. wherein 
outer flange 2i 0B has oeen omitted, sucn that the annular receptacle wnich receives the cathoce assembly s defined 
on tne inner surface by leg 210A of the gronmet and the balance of the recepiacie/slct is defined by leg 212. anc the 
associated top curvature, of washer 206. Accordingly, diffusion member 36 orovides the eiectncal separation, electrical 

JO insulation between the cathode current collector and the washer over both the outer and top aonions of tne combination 
sfot 

[0508] As suggested by the drawings, the emoedtmcnts of FIGURES 348*343 ocoerd ouitc ncavi-y on the acuity 
of the diffusion memoer to provide adequate eiectncal insulation, as wall as on the pnysical durability of the diffusion 
memoer to not be crushed or cut to the point of failure during cell assembly and use. However, assuming a fixed 
35 maximum outer diameter for the cell, by eliminating outer leg 210C, tne cathode assembly car oe moved outwaroiy a 
distance corresponding to the thickness attributed to leg 210C Sucn movement of the cathode assembly acds corre- 
spondingly to the volume of eiectroactive negative electrode material wnicn can be loaded into tne ceil. Hereby m* 
cieasmg the potential electrochemical capacity of the ceil 

[0509] Top cosure member 200 provides assenoiy integrity, and structural strength, to the too of the cell. Grommet 

40 204 provides electrical insulation between the anode mbc ano the top closure memoer. 

[0510] Downwardly depending outer and inner legs 212. 214. resoectrvely on oppoang sides ot slot 211 are effec- 
tively crimped toward each other to provide leak-proof closure oi the top of the cell, generally taung tie olace of grooves 
102. 176, 173. 190 of earlier embodiments, as appropriate. As with tne embodiments which utilize a cathooe can. the 
diffusion member can terminate at the top of the current collector, or can be foiaeo over at tne top of the cathode 

*s assemoiy and thence extend downwardly inside me inner surlace of the cathode current collector. Separator 16 gen- 
erally terminates at or slightly above bottom slot 21 1 . 

[05111 Bottom member 202 includes a contoured metal bottom washer 2*6 having an annular slot 216. and an outer 
bottom seal member 220 received in stot 218. Seal member 220 includes a lower leg 222 extenoing inwardly from me 
outer region oJ stol2l3 and under the boilom edged me cainode assemoiy. Seal member 220 can oe faoncaied from 

50 any of a variety of elect realty insulating materials Typical such materials are polymers of the olefin anc olefin copolymer 
classes Seal member 220 is generally non«compressible m the sense that the density of the seal memoer generally 
refiects the unfoamed density of the respective material from which the seal member is fabricated Seal member 220 
is thus substantially less compressible than the aoove noted microporots PTFE diffusion member 36. 
[0512] Upwardly extending outer and inner legs 224, 226 respectively, on opposing sides of slot 218 are effectively 

55 crimped toward each other to provide leak-proof closure of me bottom of the cell, generally taking place of grooves 
1 22. 1 30 and me like at tne oottom of me eatnode can. Indeed, upwardly extending leg 224 takes the ocsition oi lower 
portion 114 of can stie wall 39: and leg 226 takes the position of inner wall 110 o1 the can bottom. Piatt rm 108 extenos 
across me bottom of me ceil as m e.g. the embodiments of FIGURES 2, 23, 30. and 32. 
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[0513] Cn;r.:ng m.e cathoce can fronr ;ne ces gn of :ne can-less eels as FIGURES 33 arc 3* c.-ovioes c:e 
ces mae features. = irsl. by mcorporadng ihe much :gmer weign. .oa eno oct.om r- : errxe*s i- .ne c=i! r. cace c .re 
" yet snowing for tne 'ncreased weign: o? the Ticker cathoce c-r-en: zo tecto*. * SLCStantai --p.cuo^ ;e g acout 
25%: of "he weight of the ce.l is ehminatec. accordingly er.narc:r.g tne energy/weigrt rat e o* tr* ceil t -js coes tr.s 

a can -less design reduce the wetgnt required for generating a given amour; of energy 

[0514] Second, a major portion of the length of tre oute' surface of tns ceil s "eoreserued oy ;re catr.cce assemoiy. 
ramcy tne oitfusien member be;ng openly exposeo :o arna ent env-renmart Acccroirgiy tre ran-ess errooo^erts 
are £iso Known nere«r as navng tne catrode assembly 'coenly exooseo sucr. as at an outer surface to t*e arrsien: 
env ronnent • Sucn statement cr tne like inus rerers :o a ccii wrcrem more is no traoitionai :atr.coc car :o rovee 

-3 :-acitiorai cortamnent ard/cr protection eaiures to the catroae assemo-y cr ct-er ccniamec e erne*::* 

[0515] in sucn embodiments, the diffusion memoer represents tne only earner to :re cancce reaction surface *e- 
ceiving maximum avatlacie oxygen 3y suitao;y selecting ano faoncat.rg tne ccrcsity ol ire ciluscn memoer maximum 
cxygan avaiiaomty can oe obtained wnile suitably controlling water vaoor fansmission Sucr '-ee avanaoiiity of rxyger 
is advantageous where a high discharge rale is contemplated for ihe ceil 

'5 [051 6] Third, the cost of the cathode can ts obvwted. :ncud:ng re cos: of fabricating :he car. including air oons 33 
[0517] The can-fess embodiments are fabricated m a manner similar to laoncation of tne can encodiments cf the 
invention exceot for utilization of the caa Thus, conom seal member 220 s 'irst seated m slot 2iS of oottom wasner 
2*6. Then, the catnode assembly is insertec into slot 218 inwardly of seal member 220. and onto the too surface o' 
lower leg 222 as illustrated in FIGURE 34. 3ottom ctosure member 2C2 is tnen crimped to the catnode assemoiy, 

20 cstabhsnmg the cxctrical contact betweer oottom v/ashcr 216 and the cathode assemoiy a: jpstancmg ;cg 226 where- 
by tne bottom closure member takes on the electrical contact function of the cathooe can. The crimping o? the bottom 
closure memoer also estaoiisnes crimping closure oetween seal memoer 220 ano jpstandmg eg 224 nus to oreven- 
leakage of electroiyie out of the bottom of tie cell. Finally, joining tne bottom -closure member to tne catnooe assemoiy 
general y cefines a receotacie tor receiving the anode material. 
& [0518] With the oottom closure memoer |omeo with the catnode assembly, aro sealed to tne bottom ol ne cathode 
assemory. the subassembly is then placed m an uptight d'tsposnon. with the top of the cathode assembly extending 
upwardly to define a generally open receptacle. 

[0519] Next the seoarator is inserted in the manner described earlier. The separator material ano structure can oe 
that of any of the seoarators described earlier. After the separator nas been inserted, either or both of isolation cue 

50 1 42 and/or seal 4C are inserted into the ooen receptacle to finish defining the interior of the anode cavity. The arode 
mix is then placed in the eel, either a wet anode mix or tne 2-step addition of a dry anode mix as oe scribed earner r erem 
[0520] With the anode mix in place, the top closure member, including the anooc curcnt collector, is placed on tne 
top of the cathode current collector, correspondingly inserting the anode current collector into the anooe mix The 
combination of too closure memoer 200 and anode current collector 22 is then crimped in place to therecy seai tne 

55 cell, insanrg the anode current collector into the anode mix establishes alectrtcal contact between me anode mix and 
the anode terminal at heac 1 52 of the anode current collector The enmomg of the top closure memoer to tne cathode 
current collector closes the cell to <eakage ot etect'cdyia out of the ceil 

[0521] Top and bonom cosuie membeis 200. 202 can be o imped to the cathode assembly at the above :esoeciive 
steps using apparatus such as that illustrated in FIGURE 35. Referring to FIGURE 35. a spring-mounted holder 225 
40 receives the top end of the cathode assembly, and supports the top end white the bonom end of the catnode assembly 
is disposed upwardly in the apparatus shown 

[0522] Bottom closure member 202 ts then placed on the upwardly-disposed bottom end of the cathode assemoiy. 
A slotted con e-snaped collet 230 is then advanced downwardly onto the bonom closure memoer ano against conicaliy- 
snaoed female tooting 231. simultaneously clamping downwardly and inwardly on the bonom ctosure member. An 
45 inner supporting tool 232 provides support to inner leg 226 white collet 230 crimps inwardly on leg 224. thereby to 
establish crimped electrical contact between the cathode current collector and bottom closure memoer 202 at log 226 
The crmp ctosura also crimps the cathode assembly against seai memoer 220. thus establishing the seal against 
leakage of electrolyte out of the call about the bonom edge of cathode assembly 26 

[0523] Win the boUom closure member thus secured lo the bottom of the cathode assembly, the subassemoiy s 
50 then turned riojht-side-up, with the bottom of the cell being disposed downwardly The separator is then inserted into 
the subassembly, followed by isolation cuo 1 42 and'or seal 1 40 to th ereby complete the definition of the anode cavity. 
Then the anode mix is placed in the anode cavity With the anode mix in olace. the subassembry of top closure memoer 
and anode current collector is then assembled to the catnode assembly and the bottom closure member. Accordingly, 
the anooe current collector is inserted into the anode mix ar.o the top closure member is seated on the top of the 
cathode assembly such that the top ot the cathode assembly is -ecerved in slot 211 

[0524] The above described assemblage is tnen placed in holder 228 of the closure apparatus illustrated tn FIGURE 
35. with the bottom ci sure member being received m holder 228 and the loosely assemoied top c osure memoer 
extending upwardly therefrom. Collet 230 s then brought down onto top closure member 200 : crimping outer eg 212 
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ct ir.e toe cssure rremoer downwardly and i.nwarcy while succonirg tool 232 s^cocfts eg 2* 4 .r- :rar-e- 22= 
ci top cicsjre memoer 2C0. 

[0525] T-te crmpmg d roc ess practiced in ne working cf = i3URE 35 n general orovices c:csure ; reeves c:_-roi.*ig 
the :oo ano oonom closure members tone cainode asseroty and th-s orovices :r.e sarre 'u-et.on as corresccr.cmg 

i grooves 102 '.76. 173 1 SO. * 22 130 anc :ne i*e. wncn covoe ci2S-:e seais on t.-.e cev ojsiy oescresc errcoa- 
-ents wn.cn use cathode cans. ~hus ir tne embodiments wnicn use catr.oce ca~s me too and cotton- oor ens c* me 
cathode ran serve the same closure functions as me oco ano octtcm cesure ~*err oers - me caress e.*rccoirren:s 
Acecrcmgy wnerever herem we refer to a *toc c:osure merrcer" or a ' cot: err closure carreer. ' as -esoects cicsjre 
anc/o' scai * j*^circrs at in a tco ano oonom of tne coil we sooc^icany .rc:ucc -csocctive too ano ccrcrr corses o' 

'0 :re oatnoca car as me tec ard oonom ::osure manners n mose emoccimeris vm.cn jsa a camcoe car 

[0526] As ar alternative to the toonr.g 0- FIGURE 35. ;n me err.oocirrent o- = ;G'w = .E 36, too c!ss«re memoer too: 
234advancasacwnwardlyontc channel 236 and pusres me ent re call assemoiy rowrwarc.y sue- :r.at tne rescec: ve 
outer leg 212 or 224. as appropnate, is crrrpeo nwardly against tool 234 by co.n:caily-snaoeo receotacie :oo«n; 238 

is CAN-LESS CELL HAVING HOLLOW ANODE CURRENT COLLECTOR 

[0527] Tie embodiments of FIG JRES 37. 33. 39. and 39A take tne invention yet another step turner n -moroving 
the energy/weight ratio ot the cell, n FIGURE 37, the bottom corner structure is gereratly as d:sc:osea w.th -esoect to 
FIGURES 2 and 3A. At the top ot the cell, grommei 19 includes an annu;ar slot 240 which recedes the tec ot me air 

23 cathode assembly. Top contour wasncr 206 is received on the top of grommct 13. and extends aownwardly aoout tne 
outer edge of grommet 13. cnmpir.g an outer flange 242 of the grommei. outwardly of siot 240. onto the cathooe 
asse-nofy thus loewng the cathode assembly into slot 240. A downwardly depending lio 244 of cor.toured wasner 2C6 
makes pnysicai and electrical contact with tne outer surface of shan < 150 of near ode cur rent co lector Optiona anooe 
terminal disc 246 closes the cavity 1 38 inside shark 1 50 A vent 1 39 (not shown in FIGURE 37) can De used as ces:red 

& A support collar 243 is illustrated m FIGURE 37 supporting me inner surface o' shank 1 50 Collar 248 is preferably 
conductive, but can be non conduct we in the emoodiment illustrated in r lGURE 37 

[0528] The crimping ot the downwardly cepending outer leg of washer 2C6 against flange 2*2 provides a tquid-tight 
crimp seal against leakage of electrolyte out of the top ot the cell. Flange 242 provides electrical insulation oerween 
the catnode assembly and the conductive, typically metal, contour wasner 205 when carries the anooe charge. Flange 

jo 242 is. of course, sufficiently thick to provide the desired electrical isolation between the anode and the cathooe. 
[0529] The embodiment of FIGURE 38 further illustrates a can-less cell wnerem the bottom structure is similar to 
the top structure illustrated m FIGURE 37. in FIGURE 33. the top structure is the same as has occn ocscneeo for 
FiGURE 37. Thus, grommet 18 electrically isolates the cathode assembly from contour wasner 206 which carries the 
charge of the anooe terminal. Grommet 16 further provides leakage control about tne catnode assemby at me top o! 

35 the cell. 

[0530] Turning attention row to the bottom of the cell, bottom grommet 250 includes an imvarcly oispcseo annular 
slot 252 when receves an upwardly depending lip 254 of oottom contour wasner 216 Bottom contou* wasner 216 is 
leceived on rhe bottom of giommet 250. and extends upwardly about the outei edge of grommet 25C. ano upwardly 
about the oottom edge of cathode assemoly 23. crimping the conductive metal bottom canto jr washer agamt the 
^ outer surface of the bottom edge ot the cathode assemoiy. The bottom washer is thus m intimate electrical contact with 
the cathode current collector, and serves as the cathode terminal. 

[0531] An inner flange 253 ot grommet 250. disposed inwardly of slot 252 isolates shank 150 of the anode current 
collector from contour wasner 216 which carries the cathode charge A secono suopon collar 256 supports the inner 
surface ot shank 1 50 at oonom grommet 250 Collar 256 is preteraoiy nonconouctive. 

*s [0532] FIGURES 39 and 39A illustrate an embodiment having a hollow anode current collector, and top member 200 
as in me emoodtnems ot =1GURES 37 are 38. and wnerem the bottom member more resembles tne embodiments 
ot FIGURES 33 and 34. Addressing specifically the bottom structure of FIGURE 39A. oonom member 202 includes a 
contoured metal bottom washer 215 having a first outer annula' slot 219 and a second :nner annu:ar slot 260. Seal 
memoer 220 in outer slot 218 includes a lower leg 222 exienoing inward y Irom l-ie outer region oi slot 218 and under 

so the oottom edge of cathode assembly Upwardly extending outer and inner legs 224. 226 respectively, on opposing 
sioes of slot 21 8 are effectively crimped toward each other to provide leavproof closure of the bottom of the ceil about 
the bottom edge portion of the cathode assembly, and provide electneal contact between the cathode current collector 
and washer 216 at leg 226. A foreshortened platform 103 extends inwaroly of slot 218 to slot 260. 
[0533] An inner bottom seal member 262 is disposed in inner oonom slot 260 of washer 216 and receives shank 

ss 1 50 ot anode current collector 22. Seal member 262 provides liquid seal, sealing the bottom ot the anode cavity against 
leakage out of tne cell at seal member 232. in addition, seal member 262 electrically isolates the anode charge on 
shank 1 50 from the cathode cnarge on bottom washer 216. 

[0534] While the invention has been oescribed herein in terms f ceils used under nigh discharge rate conditions. 
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:re mver.ro*; s raaoiiy acaoieo anc apptiec to cells jseo uncer mocsraie ar.c/or lew asscrarge *ate zero: 3.-3 
[0535] " n .e prncc-ies laugm herein wiln respect to cyfmcicai ceils can =- genera', re acc^ez 0 ctre: zzr g'.."ci t .c-s 
cf eiongate ceils Accordingly, elongate ce is of ron-simiar cress-sec: zr. *;e cov err 01a ted sjcr as :a'S -avrg a g 
ova: ross-sections nexagonai crcss-secncrs anc otter ooiygcrai srases 

[0536] As jsed throughout tus teaching the :erm *anoae* ;e*ers :z tne regatve e'ec:rcce oi :re e<ec:rccrem:ca 
cell 3 .esoectiveiy the term 'catnode* refers to !he positr/e electrode cf tr.e e:ectfccr.em-ca cei- 
[0537] T-cse s<il ed m :ne art wifl now see :nat cenam Ticcificat ens car ce raae tc the aooarar.s arc -erccs 
rerein osc:osed with resoect to :ne illustrated erncooiments without reoarvg f -or :ne soir t of tte nsra-t rvert cr 
Ar.c An;;e tno nvcrton -sas aeon ccscioco aoovc wtr. respect :o :rc prc:c."co e mo cements : *iil cc -r.ccstccc 
trat tne invention >s aoap:eo :o numerous rearrangements, moci'icaticrs. anc alterations, ana an sucn a •range'- sr.* s 
^edifications, ard aiterat.ons are mtenoec to oe with n :-ie scope of re aooenoeo c:aims 

[0538] To tne extent :ne following claims use means plus tunctior anguage. ;t is net .-ream tc r : joe ;rere cr * tre 
instant specification, anything not structurally equivalent to wnat ;s snow ;r the emooci.mems o.sc oser ;r tr.e scec ■ 
licahon. 



Claims 

1. A tubular air decoianzea eiectrccnem cal cell, navng a length, a too and a bottom, saio air ceooiarzed electro- 
cncmicai cell comprising. 

(ai a cathode, including a cathode can and a tubular air cathode assembly extending along tns length of sac 
air depolarized electrochemical cell: 

(b) an ancce. including eiectroae ive anode material in an ancce cn amber oisposed inwardly of said cam ode 
assembly, in sac call. 

(c) a separator between said anode material and said cathode assembly 

(d) electrolyte dispersed m said anooe. said cathode, and said seoaraior. 
(9) bottom closure structure ctosrg the bottom of said cell: and 

ff) fop closure structure closing the top of said ceil, said top closure structure comonsirg (0 a top gramme: 
having an outwardly extending step having a downwardly directed surface disposed about a perimeter of sa;c 
top gromrnet. and (ii) an inwardly extending ledge on sard cathode can having an upwardly directed surace 
ais posed about a perimeter of sad cathode can, the downwardly directed surface of said outwaraly extcnemg 
step aouttmg the upwardly directed surface of said inwaroly directed leoge. whereby the aoutment of sad step 
and sata ledge cooperatively prevent movement of said top gromrnet down ward y toward said bottom c:osure 
structure. 

2. A tubular air depolarized electrochemical cell as <n Claim 1, including a seat extend erg :nto a sict between sac 
giommei and a top ciosuie member of said cell. ano. optionally, eithet 

a) said air cathode assembry extending into the slot, saic seal being disposed between sad gromrnet and sa:c 
cathode assembly: 

b) said air cathode assembry extending into the slot, saic seal being disposed between said gromrnet and said 
air cathode assembry; 

c) said air cathode assembly comprising a cathode current collector, extending irto the slot, said seal extending 
uDwartfly into the slot from an outer surface of said cathode assembly, extending about an edge cf said cathode 
current collector, and downwardly toward an inner surface of said cathode current collector 

d) sad air caihode assembly extending into the slot along a icngitudmairyextenoing length ot the slot, saic 
seal extending, in the slot, along suostantiafty the entirety of the length of the slot occuoiad by said cathooe 
current collector, in which case further oolionaly sad seal extending upwardly mio .he slo. from an outer 
surface of said cathode assembly, about an upper edge of said catnode current collector, and cownwardiy 
along an inner surface of said cathode current collector, and thereby lining substantially the entirety ot thai 
portion ol the slot which resdes between said gromrnet and said top closure member and which is occupiea 
by said cathode current collector: 

e) a top portion of said celt having an outer perimeter, thereabout below the top of the cell, said top closure 
member oemg enmped at a first locus against said gromrnet at the slot and berg further enmoed against said 
gromrnet. at a second iocjs dtsotaced longitudinally from me frsi locus, about tne outer perimeter between 
the slot and the top ot said air depolarizes eiectrcchemcai cell: 

g) said cathode assembry further comprising an air diffusion member disposed outwardly in said cathode 
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assemofy ana extencng upwarciy wto tne sic:, as said sea-. oe?A-eer sac g.-orr-et arc saic :zz z cs^-s 
member of said cell, cr 

nj satd seat comprising at least two layers of an ar :e-rreaci5 tic-ooo.-ols sreei -ratenai. *'aocec cc-::n- 
ucusfy and without intervening enc to fo."m an cuter sur'ace o*' saic rsnooe assen-cy sac seai cofrcr:3;,-.g 
:ne a: least two ayers ir the slot 

A tuouiar air depoianzec electrochemical cell as n C am ■ anc e;trer 

a) sac gromrre: cemg contired to a :co acrt on c: sa-c air ccocar zcz c:ce:roc**.e~:c3) ecu 

c; a: east a oca on c? sara a-' ca:nooe assemciy oemc coeny excoseo as an cute" sur'ace :c :*e ar-oien: 

environment; or 

:i saio a;r oesoianred cell comprising a bottom closure memoer separate anc o:s:rc: anr scaceo f'cm a 
top closure memcer. said atr aepoianzea eel! aemg suosrantiaiiy cevoic of ercxasirg can structure aong = 
substantial portion of (he length of said cell 

A tubular air depolarized electrochemical cel. having a iength. a too and a bof.om. saia air ceocanzed electro- 
chemical cell comprising; 

fat a cathode, including an air cathode assembly extending along me length ol saio cell. 

fdl an anccc. including cicciroactrvc arodc mater ai disposed mwarciy m said ceil of sa a cathode asscmoiy 

(c) a separator between said anode material and said cathode assembly; 

(d) electrolyte dispersed n said anoae. said cat node and said seoarator; 
(ei oottom closure structure closrg tne bottom of said cell: and 

(?) top closure structure ctosmg the top of said cell, said top closure structure comonsirg ;i) a too gromrre! 
having an upward y extending inner teg ana a downwardly extending outer leg, defining a siot about ar cuter 
penmetei of said top gromrnet. and 

(ti) a top closure member extending downwardly over said outer leg of said top gromrnet and terminating m a 
top portion of said air depolarized ceil saio air cathode assemoly extending upwardly rto saic slot. 

A tubular air depolarized electrochemical cell as m Claim 4 and either 

a) said air catnodc assembly further extending downwardly from the slot, aiong a substantial portion ol the 
length of said cell, openly exposed as an outer surface of sao cell to the ambient environment; 

b) said bortom closure member Ceng separate ana distinct, and spaced from, said top closure member; 

ci said top closure member having a crimping bias urging together said inner and outer legs of said top grom- 
rnet, and thereby applying a crimping bias against said cathode assembly m tre slot 
a) at least a portion of said air cathode assembly being openly exposed as an outer surface to tne ambient 
environment, ot 

e) said bottom closure structure being separate and distinct, and spaeed from, said too closure member, said 
electrochemical cell being substantially devoid of enclosing can structure aiong a substantial portcn of the 
length of said cell. 

A tubuiar air depolarized electrochemical celi : having a length, a top and a bottom, said air cepciarized electro- 
chemical cell composing: 

(a) a cathode inducing a cathode assembly extending along tre length ol sad ceil, said cathode assembly 
comprising a caiaiyticaliy active material between a cathode current collector ana an outwardiy-dispcsed air 
diffusion member; 

(b) an anon, including eleclraaclive anode material disposed inwardly m said cell of sao cathode assembly. 

(c) a separator between said anode material and satd cathode assembly. 

(d) electrolyte dispersed in satd anode, said cathode, and said seoarator. 
fe) bottom closure structure closing the bottom of said cell; and 

(f) top closure structure closing the top of said cell, said top closure structure comprising (i) a top gromrnet 
having an upwardly extend ng leg. said air cathode assembly extending upwardly adjacent an outer surface 
of satd leg f said top gromrnet. and (ii) a too closure memoer overlying sari leg of said top gr mmet. extending 
over a too of said cathode assembly, and extending oownwarcly in surface-to-surface contact wnn said air 
a iff us i on memoer. 



SI 



EP 0 940 869 A2 



7. A vjsuiar air depoiarizse electrochemical cell as n C aim 6 ana err er 

*) said tcp grommet further comprising an cure: "ange extenrmg eurwarciy Jrrm ,» :oc 3? c _cwa*c , ex- 
tensing leg, said outer flange erendirg over a too ecge o* sa c catrsce c-jr*eni :o .ecicr a-c over a :co o' 
said d-ffusion memoer anc optionally. se;d toe s os jre rr.er-ser over ymg said outer "a^ge cf sa c g:c — e: 
a^d extending thence downwaro y ntc ccn:ac: witn sa c cifusicr -lerroe*: 

si said outer Mange oJ said toe gremmet oe:ng o:socsec oetweer sac :oo closure me-reer a^c a too esse c 
said cathode cur-en: collector: 

Si said air dif usion memoor being !oioed ov©' a too eago ct said carccc curer ssiicctc. a-c extenctrg 
sewnwardy oetween said catnoae current collector an- saia jcws-oiy a*tencirg eg z' seic :zz gror— g: 
s; a: east a ocmon c: saic ar catnoae assemoiy oe;ng ceeriy exsosec as an c»te* surface :c :^e an-o'er 
environ, cent, or 

e) said bottom closure structure oemg seoarate and cistinct. arc soaceo f*cm said :oo ciosu-e r-erroer sate 
elect rocnemicai ceil being substantially aevo>o of erc:csing san s.msiure monq a SLCSiantiei ocrscr. of me 
length of saic ceil 

8. A method of fabricating a tubuar air depoianzed electrochemcal cell raving a too a oonom a ocsitiveiycrargeo 
cathooe including an air cathode assemoiy a nsgatrveiy-charged a~ode including an anoae savity conta:n ng eiec- 
troactive anode mater el. a separator between :h9 eiectroact.ve anooe matenai and :ne cathode assemoiy elec- 
trolyte dtsocrscd m the Enodc material, the catnooc assemoiy. ana tnc separator a bottom closure nenroc- cicc- 
tncaily connected to tre cathode assembly the memoc comprising: 

(a) assembling a tubular cathode 33semD y to a bottom closure memoer and placing a seaa'aic irwa'Oiy oi 
me cathooe assemb y and tnereoy creating a separator/cathcoe assemoiy comoi nation and oefm :r.g the anode 
cavity inwardly or the separator: 

ib) load it", g electroactive anode mateiial into the anode cavity. 

(c) assemoting a top grommei to a top portion of the separator/cathode assembly combination such that an 
outer surface of an upwardy-ext ending inner leg of the tcp grommet is pxtaposed against an inner s urface 
of an upper portion of the separator/cathode assembly combination and an outer leg of tne too grommet 
extends outwardly from a top edge of the separator/cathode assemb:y ccmomation. ana outwaroly ! rem ootr. 
the inner leg and the top edge of the seoarator/cathode assembly come mat ion such thai the outer leg is spacec 
trom an outer surface of the catnooc assembly: 

(d) assembling a too closure member over the top grommei. the top closure member havng an outer leg 
extending over the outer leg of Tq grommet: and 

l e) enmomg the top closure member inwardly toward the outer surface of the cathede assemoiy. and 
correspondingly crimping the outer leg of the top grommet into securing surf aee-io-surt ace contact w.th the 
outer surface of tne cathode assembly 

9. A method of fabricating a tubular air depolanred electrochemical cell as m C:aim 3 wherein, either 

a) prior io crimping the outer leg of the top grommet is spaced from the cathode assembly by an angle 13 ot 
aoout 2 degrees to about 90 degrees; 

b) the outer leg of the top grommet is spaced from the cathode assembly by an angle } of about 2 degrees to 
aoout 30 degrees: 

0 at least a ponton of the air cathode assembly in the fully fabricated cell ts openly exposed as an outer surface 
to trie ambient environment, or 

d) n the fully fabricated cell, the bottom closure member ts separate ana cistinct. anc spaced from, the tcp 
closure member, the cell being substantially oovoid of enclosing can structure aiong a suostantiai portion of 
ihe length of the cell. 

10. A tubular air depolarized electrochemcal eel:, having a length, a top and a bottom, said air ceoclanzed electro- 
chemical cell comprising: 

(a) a cathode including a cathode assembly extending along the length of said sen. said cathode assembly 
conprismg a cata-yticaHy active material between a cathode current collector and 3n outwardly-dispcsed air 
diffusion memoer 

(b) an anode, including electroactive ancce material: 

(c) a separator between said anode material and said cathode assembly; 
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•d) electrolyte dispersed n said anoce. said catnoce and sair sera'a?or. 
fei aoiicm cosure siruc:u*e ctcsirg me ccitcm of sa o cell, anc 
top closure structure ctosmg :ne tap o* saic cei . 

s catrcaic oxygen passing m.-ougn said air 3ii jsion rier-soer ?. cde* ;s reac" a 'eacic*" s-.-'ece ct S2:Oca:a yt;cai y 

active material, the atr diffusion rate capacity o 4 sate air dif -jsion memcer a*ov.c:.-g air to tre *eac: on surface a! 
a .'ate less than reouirea to suapor: a rraxiT-jrr *eactiar rats of reactarts s joo eo cy ot-er -ear.:c- —ate-'ais a: 
re carnoce react on surface. wherecy saio air ofuscn nerrze- cor.trots a >~r\ tr.g cjfe-t ot sate :ei 

i3 li. a fjouiar air a9cc:anz30 electrochemical ceil as r. Cam 12. anc e^er 

a) said air diffusion memoer extending a*ong a suos'antiai portion ot tne ergtn of sao ceti openty exzosez 
as an outer surface of said ceil, to tre amoient environment- 

b) said bollom closure member being separale ana disunci. and spaced from saio \zp closure ^er.rer. 

is c) at least a portion ot said atr catnode assemaiy oemg aperiy exaosed as an cu:er surface :c ne *r~cient 

environment; or 

c) said bottom closure structure being seoarate and distinct, and soared f 'om said too c:osure rnemoer sa:c 
electrochemical ceil being substantially devoic of enclosing can structure along a SLOstamia) oonon cf me 
length of said cell. 

20 

12. A tubular air depolarized electrochemical eel . having a lengtn. a top and a bottom, said air capciarized electro- 
cnemical cell comprising; 

(a) an air cathode including a tuouiar air cathode assembly extending along me lengtn of said cell: 
25 (b) an anode, including eiectroactive anoce material m an anode cavity. 

(c) a separator between said aixxie material and said aii cathode assembly. 

(d) electrolyte dispersed m said anoae. said cathode, and said seoaraior. 

said separator being :n surface-to-surlace contact with said tubular ar cathode assembly, saio air deoolanzeo eel 
being free from adhesive bonding said separator to said cat node assembly 

1 3. A tuouiar air depolarized electrochemical ecu as m C<am 1 2, mciuamg oottom closure structure closing the bottom 
ot said cell : said bottom closure structure defining a slot, receiving a Bottom portion of said cathode assembly, 
fixeaiy holding said cathode assembly m tne slot, and optionally said separator raving a oortom eoge disposes 

is adjacent and above the slot. 

1 4. An air depolarized electrochemical call, having a top and a oonom. ana a transverse cross -sectior oisposed along 
a length of said cell, sari air depolarized electrochemical cell comprising 

40 (a) a cathode including an air cathode assembly extending along the tength of said cell: 

(b) an anode, including an anode cavity, and eiectroactive anode mater al m the anoce cavity. 

(c) a separator between said anode material and said cathode assembly, 
(di electrolyte dispersed m said anode, said cathode and said seoarator. 

(el bottom closure structure comoristng a bottom wail ol said cell, and closing the bottom ol said cell; 
*5 (?) top closure structure dosing the top o* saio cell. 

a slot extending downwardly adjacent an outer side waJl ot said bottom closure memoer, said cathode assembly 
extending downwardly into the slot and making electneal connection with said oonom closure memoer n tnc slot, 
said bouom closure member being in a paih ol flow o' electric current between a reaction s jrlace of said calhcce 
£0 assembly and a positive electrode terminal of said ceil 

15. An air depolarized electrochemical cell as m Claim u. and either: 

a) including an electrcally insulating bottom seal member extending generally across that portion of the trans- 
verse cross-section which spans the anode cavity, said bottom seal member separating said eiectroactive 
anode material from said bottom wall, ana providing a seal aoout tne side wall of the anode cavity at said 
separator, said seoarator extendrg downwardly oeiow a top ot said ins jiatmg oottom seal memoer. and ter- 
minating above a oottom edge of said cathode current collector: 
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z) a: eas: a zznon c- sac a" cattode assemciy DSing acery exscsea as an cj:e- su.-ace :c a-c-er- 
e^.vironreni. cr 

o s^ia DOitom closure structure oemg separate and 2is::nc:. arc soacea f*0". sa;c :oc co$ u *e ~er~oa- sac 
eiectrocnemical ceil being suosiannally devoc cf erc:cs:ng ca~ si.-.cvj'e a.c.-g a SLOstar.tis. sere- c? :~e 
.e.ngtn cf saia cell 
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FIG. 4 
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FIG. 5 
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FIG. 6 
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FIG. 4C 
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FIG. 5C 
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FIG. 8 FIG. 9 
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FIG. 10 




FIG. 11 



FIG. 12 
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FIG. 15 
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FIG. 16 




FIG. 17 
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FIG. 29 
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FIG. 30 
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FIG.31A 
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FIG. 31B 
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FIG. 36 
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FIG. 39A 
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